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EDITOR'S NOTE 


The unanticipated threat isa photographer's greatest 
fear. During my years as a photographer for this magazine, | worried 
about being blindsided by anything from a cobra to a wild-eyed 
rebel with an AK-47, but it never occurred to me to worry about 
an invisible killer like radiation. Gerd Ludwig's coverage of Cher- 
nobyl’s legacy made me think twice. The worst nuclear accident 
in history, the explosion of the Chernobyl reactor 20 years ago 
released 400 times more radioactivity than Hiroshima. Ludwig was 
prepared for the worst. 

“| was concerned about my safety,” he says, “particularly since 
| have a 17-year-old son who depends on me. But it was a calculated 





Protective suits are standard for workers—and journalists—inside Chernobyl. 


risk.” He did meticulous research. He knew how much radiation 
he could tolerate safely. He bought Geiger counters, dosimeters, 
disposable coveralls, surgical gloves, face masks, and potassium 
iodide to protect his thyroid when he worked in the contaminated 
region. “As a photographer, you walk a thin line. You need to be 
safe, but you must push for the right shot.” 

Richard Stone, who wrote the article, has visited the Chernobyl 
reactor four times. “Standing outside it made my skin crawl,” he 
says. “Yet | was compelled to see what was inside.” Motivated by 
curiosity and a passion for truth, Ludwig and Stone put their health 
on the line to tell the story of “The Long Shadow of Chernobyl.” 
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BETTERS 


December 2005 Many readers responded 
to our global aid story, “Hope in Hell”; some 
wrote to see how they could help. On a lighter 
note, “North American Dialects” may have 
solved a family dispute. After learning his pro- 
nunciations reflect the region where he grew 
up, one reader joked that his wife “has to accept 
that | do not have a speech impediment!” 








SCIEYTISTS ENING 
GORTILLA BACK TO LE 


Hope in Hell 

Of all the stories featured, the 
one that spoke to me the most 
was that of the Ugandan night 
runners. While you have done 
your part in providing education 
about forgotten causes, | urge 
the rest of us to take action by 
writing our representatives to 
encourage U.S. support, by pro- 
viding financial contributions 
to charities, and by sharing 
these accounts with others so 


\& Voice opinions about April stories at ngm.com, 


that they remain top-of-mind. | 
ask each of us to tuck one vivid 
photograph into the forefront of 
our minds so that we resolve to 
remember the thousands of chil- 
dren like Dick O. in our prayers. 


TERRY HEATH 
Loveland, Ohio 


Your story described the mon- 
strous Lord's Resistance Army 
as a group “fighting to over- 
throw the Ugandan government 


in the name of strict Christian 
rule.” Although the LRA may 
call itself Christian, most would 
agree that its barbarism has 
nothing to do with Christianity. 


MARK F. FISCHER 
Camarillo, California 


| was moved by the children of 
Uganda. After seeing the picture 
of the children sleeping on the 
floor, | very much want to send 
my children’s unused clothing to 
the Noah's Ark Centre in Gulu. 
How do | do this? 


KATHLEEN LUNDSTEEN 
Elgin, Illinois 


To donate to the Noah's Ark 
Centre, contact program coordina- 
tor Annet Kurui at the Noah’s Ark 
Children’s Ministry, Plot 4 Awach 
Road, Gulu, Uganda, or by email 
at kururius@yahoo.com. 








Your juxtaposition of global aid, 
sea monsters, and “melting” 
polar bears was interesting. It 
made me wonder who or what 
are the real monsters on this 
planet. Thank goodness polar 
bears make me feel happy, and 
the prospects of Buddhism pro- 
vide hope in this gloomy world. 


MICHAEL RAY WILSON 
Denton, Texas 


Buddha Rising 

If a picture is worth a thousand 
words, the one on pages 100-101 
must be worth a million. This is 
a simple composition—a person 
meditating outside the entrance 
to the Auschwitz-Birkenau camp 
—but it is the most emotive 
image | have seen in over 30 
years of studying photography. 


MICHAEL FODEN 
Southport, England 


As a practitioner of Vipassana 
meditation, | know that it has 
contributed to my sense of 
peace and well-being. | have one 
comment on the author's under- 
standing of the enlightenment 
he seeks but has not attained 
“yet.” Enlightenment is not a 
permanent state to be achieved 
in the future. It happens in the 
present moment, breath by 
breath. The concept of a perma- 
nent state of enlightenment is 
the big romantic sham of Bud- 
dhism. | fell for it. It is a useful 
sham, though. Once the practice 
is started, it’s difficult to quit. 


TIM CARDOZA 
San Diego, California 


King Ashoka (| was named 
after him) was instrumental in 
spreading Buddhism outside 
India. He was a great Mauryan 


emperor, who, sickened by 

the violence of war, vowed not 
to fight again. He then truly 
embraced Buddhist principles. 
His vast kingdom stretched 
from Afghanistan to the Indian 
states of West Bengal and Tamil 
Nadu. To honor his nobility, 
India adopted Ashoka’s emblem, 
the “wheel of dharma,” in the 
national flag. 


ASHOK PATEL 
Holland, Michigan 


Write, email, fax 


Write National Geographic Magazine 
PO Box 98199 

Washington, DC 20090-8199 

Email 
ngsforum@nationalgeographic.com 
Fax 202-828-5460 

Include name, address, and daytime 
telephone, Letters may be edited for 
clarity and length. 





It is what makes incubators, baby bottles 
and car seats possible. It is chemistry. 


DETTERS 


Sea Monsters 
It was exciting to see how these 
new reconstructions of pre- 
historic sea creatures had been 
inspired by illustrations by 
great paleoartists like Charles R. 
Knight. As always, some 
traditional imagery may be 
overdue for revision. Recently 
discovered fossil evidence 
suggests that some plesiosaurs 
may have been bottom- 
feeders. A more appropriate 
image of these beasts might 
show them feeding like moray 
eels suspended from their 
raft-like bodies. 
JAMES M. BRYANT 
Curator of Natural History 
Riverside Municipal Museum 
Riverside, California 
From our online forum 
ngm.com/0512 


ZipUSA: Grand Central 

| read with interest your article, 
particularly the reference and 
photo of the secret rail platform 
beneath the Waldorf-Astoria. 
My grandfather Lou Freedman 
owned Freem’s, Ltd., the origi- 
nal men’s shop at the Waldorf. 
My mother and her sisters 
stayed at the hotel periodi- 
cally. During one visit in 1945, 
a hotel staff member invited 
my mother to the secret plat- 
form, where she was one of 

a handful of people who wit- 
nessed General Eisenhower's 
return to the U.S. following 
World War Il. 


ROBERT NEFSKY 
Lincoln, Nebraska 


North American Dialects 
Thank you, thank you, thank 
you! Over the past 30 years 
my wife, from Philadelphia, has 
accused me, from Kansas, of 
either having a speech impedi- 
ment or at least not paying 
attention in school. “Mary,” 


“merry,” and “marry” for me 
are all pronounced the same; 
as are “gulf” and “golf.” | have 
many more “speech impedi- 
ments.” After your article, she 
has to accept that | do not have 
a speech impediment nor was 
| a delinquent! 


LARRY WOELK 
London, England 


| was pleased by the quality 
of the cartographic display, 
however, after reading the 
article, | was left disappointed. 
Grouping the dialects of 
Canada as a single monolith 
is unacceptable. Native English 
speakers from the Prairie 
Provinces often sound quite 
different from those born in 
Vancouver, Toronto, or Mon- 
treal. Although the accents 

of the Maritimes are different 
from the rest of Canada, the 
dialect doesn’t just switch at 
the New Brunswick-Quebec 
provincial border. | thought 
this article had great potential, 
but if it’s titled “North American 
Dialects,” then please ensure 
that Canada is depicted appro- 
priately as a diverse country 
full of variety. 


JAY LANCASTER 
Vancouver, British Columbia 


Charles Boberg, a linguist at 
McGill University in Montreal 
and a co-author of The Atlas 

of North American English, 
responds: “While it’s true that 
there are subtle phonetic differ- 
ences in the English spoken in 
Canadian cities like Vancouver, 
Calgary, Toronto, Montreal, 
and Halifax, these are small 
compared to the more prominent 
differences among U.S. regions. 
Canada’s regions, with the 
exception of Newfoundland, 
have much more in common 
linguistically than U.S. regions.” 
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The new business collection by 


Sams@nite 












“To me, business isn't about wearing 
suits or pleasing stockholders. 

It's about being true to yourself, 
your ideas and focusing on the essentials.” 


Richard Branson, Chairman of Virgin 
and inspired world traveler, 





YOUR SHOT | ngm.com/yourshot 


Be a National Geographic Photographer Take your best shot—and 
send it to NATIONAL GeoGrépPHic. Editors will select from the first 5,000 photographs submitted 
electronically each month. The theme for the July 2006 Your Shot page is “My Family.” For 
guidelines, a submission form, and additional information, please go to ngm.com/yourshot. 





Sunlight and Dust 


Sara Kranwinkle had her doubts. 
The Seattle mother of four had 
agreed to accompany her sister to 
a photo workshop in San Miguel 
de Allende, Mexico, but didn’t think 
she fit the workshop’s “amateur 

to professional” range of expertise. 
“| wasn’t even an amateur,” she 
admits. “Il was a total beginner. 

| didn’t know how my camera 
worked.” Once in Mexico, though, 
Kranwinkle found she had an eye. 
In the dusty bull barn of a hacienda 
outside San Miguel, she shot this 
portrait of a young torero. “The 
sun was hitting him, the dust was 
dancing all around,” she says. “I 
knew I'd gotten something good.” 
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Living. 
Improved daily!" 


®TM Trademark of The Dow Chemical Company 
(“Dow”) or an affiliated company of Dow. 
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Firefighters outfitted in samurai-like headgear shout in unison during drills at a training facility in Kyoto, Japan. 





Since 1979, when he was assigned 
to photograph Hokkaido in Japan, 
Yamashita has shot 23 features for 
NATIONAL GEOGRAPHIC. 


Fire Man most people flee from burning buildings, but at 
the sight of flames, | usually think one thing; It’s time to get to 
work. Fires are exciting for me because they make good pictures. 
I've photographed blazes and the people who battle them in all 
kinds of places, from China to Italy. Many of my favorite images 
come practically from my own backyard in central New Jersey, 
but for these | pick up a hose before | pull out a camera. 

For the past 18 years | have been a volunteer firefighter with 
Ralston Engine Company Number One in Mendham, New 
Jersey. Like most of the company, | joined because | wanted to get 
involved in my community. But there is also something to the 
cliché that firefighters are basically grown-up boys with big toys. 

When | answer a call, my first obligation is to put out the fire. 
But once the fire is under control, I’m free to pick up my cam- 
eras and roam. Some of these photos end up being a featured 
event at our company’s annual dinner, where | present a slide 
show of my fellow firefighters in action. It’s great fun for me, 
but it also feels important. | always hope my photographs will 
inspire others to join their local fire departments. It’s difficult 
to find volunteers these days, and, as | know, there are always, 
everywhere, fires to be fought. 





® Online Portfolio View a presentation of Mike Yamashita’s images from 
the story “Marco Polo Odyssey” at ngm.com/0107. 
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You’RE Not BUYING A CAR. 


YOU’RE BUYING A BELIEF 





T HE NOTION OF BUILDING A MERCEDES-BENZ HAS ALWAYS BEEN AN EXCEPTIONALLY MEANINGFUL ENDEAVOR. 
MORE THAN MAKING A MACHINE, WE ARE UPHOLDING AN IDEAL. MORE THAN SIMPLY TURNING OUT NEW 
MODELS, WE ARE ADVANCING AN ENTIRE INDUSTRY WITH EVERY NEW INNOVATION. 


From the very beginning, from the moment.we 
built the first automobile back in 1886, the world 
was watching. Learning. Adoring. We won races, 
design awards and recognition for safety develop- 
ments. In turn, we earned the respect of every 


true automobile aficionado the world over. 


2006 will be no different. The introduction of the 





Unlike any other. 


hew S-Class will once again raise the industry to 
new heights. In technology, design, performance and 
luxury, the car unveils an altogether unprecedented 
level of achievement. And demonstrates a belief 
that as long as we strive for the highest possible 
level of integrity in‘everything we do, there will be 


people on this earth who appreciate it. 





Mercedes-Benz 





MBUSA.com 


shown 2007 $ 550, For more information, call 1-800-FOR-MERCEDES, or visit MBUSA.com. 
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Unable to save a newly built house in Mendham, New Jersey, firefighters try to protect the construction 
equipment from the inferno (above). After facing the flames at another building in Mendham, a volunteer 
firefighter cools his face with water wrung from a towel. 

















iveness 
dozen legal pad 


(having what it takes to run a bu 





priceless) 


vote There’s no smarter way to pay for the things it takes to run a business than with the 


ri 
®® MasterCard BusinessCard~ It keeps your business expenses separate from personal ones 
for better accounting. It also gives you extended warranties, travel benefits and discounts from leading 


suppliers and retailers. Visit mastercardworking.com or call |-866-MCWORKING. 
MasterGard 


there are some things money can’t buy. for everything else there’s MasterCard.” j 
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Water jets soak the scene at a “wet down”—the ritual christening of a new fire truck in New Jersey. 
Both adults and children enjoy splashing around in a slippery bath of fire-retardant foam at a Mendham, 
New Jersey, fire department event. 





“I guess it is easy being green.” 


Presenting the 36 mpg Ford Escape Hybrid, the 
most fuel-efficient SUV on Earth* How green is that? ESCAPE HYBRID 


www.fordvehicles.com 


*Based on Automobil Revue, Transport Canada and US EPA. EPA estimated 36 city/31 hwy mpg, FWD. Actual mileage will vary. 
©The Muppets Holding Company, LLC. All Rights Reserved. 
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Taking part in a good luck tradition, a father briefly swings his daughter over a bonfire at a New Year 
festival in China’s Gansu Province. Sign of a successful harvest, fire pinstripes a wheat field in Tuscany, 
Italy, as farmers burn off the old season’s debris. 





Where Do Want To Be? 


Find your perfect place. It’s easy with Nobody sells more real estate than RE/MAX. 
RE/MAX. 

So wherever you are or want to be, 
Whether you're dreaming of a home in we'll be there for you. 
the city or a “loft” in the country, just 
tell RE/MAX what you want. 


RE/MAX agents average more experience 
than other agents. They know their 
markets and they care enough to get to 
know you, too, 


Outstanding Agents. Outstanding Results.” 


eon eae remax.com: 


Each RE/MAX@® real estate office is independently owned and operated. 





VISIONS OF EARTH 
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Rio de Janeiro, Brazil Blankets of clouds soften a sunset over Guanabara Bay and suspend 
beachgoers and surrounding mountains in a moment of ethereal light. 














gn 





Danco Island, Antarctica Gentoo penguins waddle through a web of icy paths on the slope 
between their hilltop rookery and the open water where they feed. 





®& Decorate Your Desktop with this and other images in Fun Stuff at ngm.com/0604. 
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In our FlexFuel Vehicles, 
Yellow means Go. 








on 


and 15% gasi yline 











energy independence w 1 homegrown, renewable fuel 
reduces greenhouse gas emissions while it boo yOur engine 
performance. Can every vehicle in America run on yellow? Not yet 





But GM already has 1.5 million FlexFuel Vehicles on the road that can 
run on gasoline or E85 ethanol. And it's just the beginning yin the ride 


Help turn yo yellow at LiveGreenGoYellow.com. Learn more 





about E85 ethanol, which GM vehicles can run on it, where you can get it 


and how you can make a difference. One car company can show you how. 








FossiLs 


Gomphos elkema 
is an ancient relative 
of modern rabbits. 


Early Hopper what jumped like a rabbit but chewed like 

a squirrel? Gomphos elkema, a 55-million-year-old relative of the 
rabbit, a fossil of which was found in the Nemegt basin, Mongolia. 
The discovery supports the long-held theory that rodents and 
lagomorphs—the group that includes rabbits, pikas, and hares— 
shared a common ancestor that lived around the time dinosaurs 


Top view of Gomphos elkema’s 
skull and side view of its jaw 





became extinct. 

Like today’s familiar jackrab- 
bits and cottontails, Gomphos 
elkema had long hind limbs for 
hopping. And the front incisors 
found in the fossil’s jaw resem- 
ble those of modern rabbits’ 
open-rooted teeth, which grow 
continuously and are worn 
down by rabbits’ nearly con- 
stant gnawing. 

The extinct animal’s cheek 
teeth (left, at bottom), however, 
were quite different from 
rabbits’, says Robert Asher, 
curator of mammals at the 


Berlin Museum of Natural History. “They had cusps and roots 
like molars in a human or a squirrel.” Its relatively large tail was 
also more like a squirrel’s than a rabbit’s. Another difference 
between Gomphos elkema and its modern kin: The fossil’s skull 
suggests that the animal had a bony ear structure similar to 


that of rodents. —Angela Botzer 


ART: MARK HALLETT; PHOTOS: RICK EDWARDS, AMERICAN MUSEUM OF NATURAL HISTORY 





Woolly mammoths stuck 

by their mothers. By exam- 
ining calves’ tusks, which 
contain chemical information 
about what the extinct mam- 
mals ate, researchers have 
determined that woolly 
mammoths nursed for at 
least five years. 


It wasn't just the extinction 
of the dinosaurs that helped 
boost mammals to domi- 
nance on Earth; it was also 
oxygen. About 200 million 
years ago the amount of oxy- 
gen in Earth’s atmosphere 
hovered at 10 to 13 percent. 
Deep-sea core samples show 
the oxygen level rose to 18 
percent 50 million years ago 
and climbed to 23 percent 
over the next 10 million years. 
This corresponds with a rise 
in huge mammals, culminat- 
ing in Indricotherium, eight 
times bigger than its modern 
relative, the rhinoceros. 








There's more than one reason to try Ambien CR. 





It has the two things you want in a good night's sleep. 


Ambien CR is the first 2-layer sleep aid 
with a controlled-release formula: 





Sera Trai ist layer alecolvec quickly ta 
help you get to sleep fast. 
y F : The second layer dissolves slowly 


Z7*t 6 help you stay asleep." 
So now getting to sleep fast and staying asleep helps you wake up 
and get ready for the day.'' Ambien CR is non-narcotic. Talk to 
your doctor about prescription Ambien CR. Or call 1-800-922-5324. 
Visit www.AMBIENCR.com., 


Please see important patient information on adjoining page. 
{Not actual pill size. 

Elective for up to 7 hours in clinical studies. 

“individual results may vary. 


AMBIEN CR is indicated for the treatment of 
insomnia. AMBIEN CR is one of many 
treatment options, in addition to lifestyle 
changes, that you and your doctor can 
consider. Until you know how AMBIEN CR 
will affect you, you shouldn't drive or operate 
machinery. Side effects may include next 
day drowsiness, dizziness and headache. 
You shouldn't take it with alcohol. All sleep 
medicines carry some risk of dependency. 
Do not use sleep medicines for extended 
Periods without first talking to your doctor, Be 
‘Sure you're able to devote 7 to 8 hours tosleep 
before you need to be active again. 


—_— 3 
AMBIENCE 
6.2546 8 12.546 EXTENDED Heep le 

Tomorrow will thank you.” 


sanofi aventis 


©2005 Sanofi nc, a member of the sanofi-aventis Group. 
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Ambien CR™ @ 


(zolpidem tartrate extended-release tablets) 


INFORMATION FOR PATIENTS TAKING AMBIEN CR. 
Your doctor has prescribed Ambien CR to help you sleep. The following information 
is intended to guide you in the safe use of this medicine. It is not meant to take the 
place of your doctor's instructions. If you have any questions about Ambien CR 
tablets be sure to ask your doctor or pharmacist. 
Ambien CR is used to treat different types of sleep problems, such as: 

+ trouble falling asleep 

* waking up often during the night 
Some people may have more than one of these problems. 
Ambien CR belongs to a group of medicines known as the “sedative/hypnotics”, or 
simply, sleep medicines. There are many different sleep medicines available to help 
people sleep better. Sleep problems are usually temporary, requiring treatment 
for only a short time, usually 1 or 2 days up to 1 or 2 weeks. Some people have 
chronic sleep problems that may require more prolonged use of sleep medicine. 
However, you should not use these medicines for long periods without talking with 
your doctor about the risks and benefits of prolonged use. 


SIDE EFFECTS 
Most common side effects: 

* headache 

* somnolence (sleepiness) 

+ dizziness 
You may find that these medicines make you sleepy during the day. How drowsy 
you feel depends upon how your body reacts to the medicine, which sleep medicine 
you are taking, and how large a dose your doctor has prescribed. Daytime drowsiness 
is best avoided by taking the lowest dose possible that will still help you sleep at 
oe Your doctor will work with you to find the dose of Ambien CR that is best 
jor you. 

To manage these side effects while you are taking this medicine: 

* When you first start taking Ambien CR or any other sleep medicine until you 
know whether the medicine will still have some carryover effect in you the next 
day, use extreme care while doing anything that requires complete alertness, 
such as driving a car, operating machinery, or piloting an aircraft. 

NEVER drink alcohol while you are being treated with Ambien CR or any sleep 
medicine. Alcohol can increase the side effects of Ambien CR or any other sleep 
medicine. 

Do not take any other medicines without asking your doctor first. This includes 
medicines you can buy without a prescription, Some medicines can cause 
drowsiness and are best avoided while taking Ambien CR. 

Always take the exact dose of Ambien CR prescribed by your doctor. Never 
change your dose without talking to your doctor first. 


SPECIAL CONCERNS 

There are some special problems that may occur while taking sleep medicines, 
Memory problems: Sleep medicines may cause a special type of memory loss or 
“amnesia.” When this occurs, a person may not remember what has happened for 
several hours after taking the medicine. This is usually not a problem since most 
people fall asleep after taking the medicine. 

Memory loss can be a problem, however, when sleep medicines are taken while 
traveling, such as during an airplane flight and the person wakes up before the 
effect of the medicine is gone. This has been called “traveler's amnesia.” 

Be sure to talk to your doctor if you think you are having memory problems. 
Although memory problems are not very common while taking Ambien CR, in most 
instances, they can be avoided if you take Ambien CR only when you are able to get 
a full night's sleep (7 to 8 hours) before you need to be active again. 

Tolerance: When sleep medicines are used every night for more than a few weeks, 
they may lose their effectiveness to help you sleep. This is known as “tolerance”. 
Sleep medicines should, in most cases, be used only for short periods of time, such 
as 1 or 2 days and generally no longer than 1 or 2 weeks. If your sleep problems 
continue, consult your doctor, who will determine whether other measures are 
needed to overcome your sleep problems. 

Dependence: Sleep medicines can cause dependence, especially when these medi- 
Cines are used regularly for longer than a few weeks or at high doses. Some people 
develop a need to continue taking their medicines, This is known as dependence or 
“addiction.” 

When people develop dependence, they may have difficulty stopping the sleep 
medicine. If the medicine is suddenly stopped, the body is not able to function 
normally and unpleasant symptoms may occur (see Withdrawal). They may find 
that they have to keep taking the medicines either at the prescribed dose or at 
increasing doses just to avoid withdrawal symptoms. 

All people taking sleep medicines have some risk of becoming dependent on the 
medicine. However, people who have been dependent on alcohol or other drugs in 
the past may have a higher chance of becoming addicted to sleep medicines. This 
possibility must be considered before using these medicines for more than a few 
weeks. 

If you have been addicted to alcohol or drugs in the past, it is important to tell your 
doctor before starting Ambien or any sleep medicine. 

Withdrawal: Withdrawal symptoms may occur when sleep medicines are stopped 
suddenly after being used daily for a long time. In some cases, these symptoms can 
‘occur even if the medicine has been used for only a week or two. 

In mild cases, withdrawal symptoms may include unpleasant feelings. In more 
severe cases, abdominal and muscle cramps, vomiting. sweating, shakiness, and 
rarely, seizures may occur, These more severe withdrawal symptoms are very 
uncommon. 


Another problem that may occur when sleep medicines are stopped is known as 
“rebound insomnia.” This means that a person may have more trouble sleeping the 
first few nights after the medicine is stopped than before starting the medicine. If 
you should experience rebound insomnia, do not get discouraged. This problem 
usually goes away on its own after 1 or 2 nights. 
If you have been taking Ambien CR or any other sleep medicine for more than 1 or 
2 weeks, do not stop taking it on your own. Always follow your doctor's ditections. 
Changes in behavior and thinking: Some people using sleep medicines have experi- 
enced unusual changes in their thinking and/or behavior. These effects are not com- 
mon, However, they have included; 

* more outgoing or aggressive behavior than normal 
confusion 
strange behavior 
agitation 
hallucinations 
worsening of depression 
suicidal thoughts 
How often these effects occur depends on several factors, such as a person's general 
health, the use of other medicines, and which sleep medicine is being used. 
It is also important to realize that it is rarely clear whether these behavior changes 
are caused by the medicine, an illness, or occur on their own. In fact, sleep problems 
that do not improve may be due to illnesses that were present before the medicine 
was used. If you or your family notice any changes in your behavior, or if you have 
any unusual or disturbing thoughts, call your doctor immediately, 
Pregnancy: Sleep medicines may cause sedation of the unborn baby when used 
during the last weeks of pregnancy. 
Be sure to tell your doctor if you are pregnant, if you are planning to become preg- 
nant, or if you become pregnant while taking Ambien CR. 


‘SAFE USE OF SLEEPING MEDICINES 

To ensure the safe and effective use of Ambien CR or any other sleep medicine, you 

should observe the following cautions: 

1, Ambien CR is a prescription medicine and should be used ONLY as directed by 
your doctor. Follow your doctor's instructions about how to take, when to take, 
and how long to take Ambien CR. Ambien CR tablets should not be divided, 
crushed, or chewed, and must be swallowed whole. 

2. Never use Ambien CR or any other sleep medicine for longer than directed by 
your doctor. 

3. If you notice any unusual and/or disturbing thoughts or behavior during treatment 
with Ambien CR or any other sleep medicine, contact your doctor, 

4, Tell your doctor about any medicines you may be taking, including medicines you 
may buy without a prescription. You should also tell your doctor if you drink 
alcohol. DO NOT use alcoho! while taking Ambien CR or any other sleep medicine, 

5. Do not take Ambien CR unless you are able to get a full night's sleep before you 
must be active again. For example, Ambien CR should not be taken on an 
overnight airplane flight of less than 7 to 8 hours since “traveler's amnesia” may, 
occur, 

6. Do not increase the prescribed dose of Ambien CR or any other sleep medicine 
unless instructed by your doctor. 

7. When you first start taking Ambien CR or any other sleep medicine, until you 
know whether the medicine will still have some carryover effect in you 
the next day, use extreme care while doing anything that requires complete 
alertness, such as driving a car, operating machinery, or piloting an aircraft. 

8. Be aware that you may have more sleeping problems the first night after stopping 
Ambien CR or any other sleep medicine. 

9. Be sure to tell your doctor if you are pregnant, if you are planning to become 
pregnant, or if you become pregnant while taking Ambien CR or any other sleep, 
medicine. 

10.As with all prescription medicines, never share Ambien CR or any other sleep 
medicine with anyone else. Always store Ambien CR or any other sleep medicine in 
the original container that you received it in and store it out of reach of children. 

11. Ambien CR works very quickly. You should only take Ambien CR right before 
going to bed and are ready to go to sleep, 
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r | There is little doubt that a natural 
mined diamond of top quality is one 
of the world’s most magnificent gems. 

Tt is much coveted for its exquisite beauty, 

but the simple truth is that diamonds are 

just compressed crystallized carbon. The 
laboratories at DiamondAura were created 
with one mission in mind: Design classic 

jewelry with scientifically perfect gemstones at A. 

a cost that lets everyone experience a stone with 

more fire and brilliance than a mined diamond. 

Perfection from the laboratory. We named 

our gemstones DiamondAura, because simply 

said, “they dazzle just like natural diamonds 
but without the outrageous cost.” The scien- 










mined diamond are present in an exquisite 
DiamondAura. In purely scientific measure- 
ment terms, the refractory characteristics 
of DiamondAwra are actually superior to a 
diamond, and both will cut glass. The cut, 
of primary importance for any top quality 
gemstone, is artistically performed by our 
team of experienced gemstone cutters. 
Finally, we employ the most talented 
jewelry designers to provide our customers 
with the dazzling elegant styles that we 
proudly offer. 

Rock solid guarantee. Every DiamondAura 
stone is mounted in platinum plated ster- 
ling silver. We believe this setting brings 


5. : 
tific process involves the use of natural occur- Oe ~ Pir Colored q| out the perfect color and clarity of the 


ting minerals heated to an incredibly high 





stones. Try the DiamondAura gemstones 





temperature over 5000°F. This can only be Dasky ie Eee Sea risk-free for 30 days. If for any reason you 
accomplished inside some very modern page Patan aod are not satisfied with your DiamondAura 
Carat Weight— Starting at 1.58 ctw 





and expensive laboratory equipment. Our 
DiamondAwrs are an absolute marvel of modern gemological 
science. Noted jewelry expert, Steven Rozensky said, “The 
color and clarity of DiamondAura rivals that of a flawless 

D colored diamond.” Of course, flawless diamonds sell for 

in excess of $50,000 a carat, so they are priced out of reach. 
The 4 C’s. Our DiamondAura stones retain every jeweler 
specification: color, clarity, cut, and carat weight. All the 
essential components that comprise a top quality naturally 





Place one of your own rings on top of one of the circles. Your ring size is 
the circle that matches the diameter of the inside of your ring. If your ring 
falls between sizes, order the next larger size. 














purchase, or you experience any defects 
in the stones, simply return it to us for a full refund of the 
purchase price. 


Not Available in Stores 

Call now to take advantage Of this limited offer: 
DiamondAura 

A. 3-Stone Ring (1.78 ctw) (whole sizes 5-10) $99.95 +S&H 
B. 3-Stone Necklace (1.58 ctw) $99.95 +s@H 

C. 3-Stone Earrings (3.16 ctw) $99.95 +S@H 

D. Tennis Bracelet (15.50 ctw) $199.95 +seH 


800-937-4400 


Promotional Code DAJ347-03. Please mention this when you call. 
To order by mail, please call for details. 


St 14101 Southcross Drive W., Dept. DAJ347-03 
Aller Burnsville, Minnesota 55337 


www.stauer.com 





SPACE 


The crater-pocked 
ir-lo-Melm(e)eSi10(-16) 
Hyperion. 





Saturn’s Strangest Moon the Cassini spacecraft swooped in just 310 miles above 

the surface to get this closest ever view of Saturn’s moon Hyperion. About 178 miles in diameter, the 
irregularly shaped satellite circles Saturn in a tumbling rotation. It's been theorized that Hyperion’s 
odd shape was caused long ago by collisions with other objects in space. Hyperion’s cratered surface, 
however, is a revelation; none of Saturn’s other 46 moons looks similar. Scientists are now studying 
the new images to help clear up questions about Hyperion’s origins. —Margaret G. Zackowitz 





® Interactive Quiz Test your space knowledge at ngm.com/space, 
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FINANCIAL SERVICES 


ALL THOSE YEARS OF RESEARCH 


‘SHOULD PAY OFF. 


ReSearchers Spend years, sometimes lifetimes, Hoping their work will pay off. 


Something to which, we can relate. We are. TIAA-CREF. Founded more than 
85 years ago, We'exist to serve the long-term financial goals of people in the 


academic, medical, cultural and research fields who'serve the greater good, 


People like researchers Whose pursuit of discovery is uniquely beneficial to 
mankind, Asa $360 billion financial Services. group. with a tengthy-nonprofit 
heritage, our pursuit'is to:expressly serve their particular retirement goals as 
only one with intimate knowledge of their needs and sacrificés can. Two ways 

we do this are by operating with a law fee structure and not paying our employees 
commissions. Thus making their years of research pay off for them. 


Find out how we can sé@rve your retirement at tiaa-créf.org/greatergood. : 





FOR THE GREATER GOOD™ 


(©oLOR OF MONEY 


Iraqi Dinar 


The old dinar remained in Iraqi pockets long after Saddam Hussein was ousted. In fact, to keep the economy 
running, the U.S.-led Coalition Provisional Authority approved a reprint of bills bearing his portrait in June 2003. 





Dinars lacked many The Monument to The monument Saddam Hussein’s 
security features after the Unknown Soldier, included a minaret image appeared on 
printing moved from built during the Iran- and this disk rep- the dinar in the mid- 
Britain to Iraq follow- Iraq War, honored resenting a dying 1980s. It remained 
ing the gulf war. fallen heroes. warrior’s shield. there until 2003. 


The new Iraqi dinar was launched in October 2003 at an exchange rate of 1,500 dinars to one U.S. dollar. As its 
worth fluctuates, investors flock to place bets on the currency, which they hope will stabilize and climb in value. 









British printing firm Writing marks the Patterns rely heavily Scholar Abu Ali al-Hasan 
De La Rue instituted year of this bill's on traditional Iraqi ibn al-Haytham appears 
anti-counterfeit issue: “Christian designs originally on this 10,000-dinar 
measures, including year 2004, Muslim featured on bill worth about seven 

this watermark. year 1425.” pre-Saddam bills. dollars. 
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ARCHAEOLOGY 











Archaeologists hoist a stone 
washbasin, cargo of a ship 
that sank off Turkey's coast 
in the first century B.c. 





Sunken Cargo Sometime between 100 and 50 s.c. a ship 
laden with more than 60 tons of freshly quarried marble—a col- 
umn in eight pieces, a massive Doric capital, and other examples 
of Greek design—sank into the Aegean’s ship-swallowing depths. 
Researchers are now excavating the wreck, discovered off Kizil- 
burun, Turkey, home to at least four other ancient wrecks. This year 
they hope to move the column sections, under which portions of 
the ship’s wooden hull may be preserved. Other hidden artifacts 
might provide clues about the vessel's passengers or destination, 
says Deborah Carlson, archaeological director of the undersea 
dig. Around the time the ship went down, inhabitants of Asia Minor 
rebelled against Rome, slaughtering 80,000 Romans, but the mar- 
ble shipments continued. The bloodshed didn’t seem to dampen 
Romans’ appetite for goods from the area. —Chris Carroll 
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European Ground Squirrel (Spermophilus citellus) 
Size: Head and body length, 11 - 33 cm; tail, 3.5-7.5cm Weight: 200-500 g 
it: Dry grasslands throughout central and southeastern Europe 


Surviving number: Unknown; populations declining 
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Photographed by Klaus Nigge 


WILDLIFE AS CANON SEES IT 


Thin is definitely not in. A dedicated forager, the 
European ground squirrel works hard to pack on all 
the weight it can handle. After all, it has to live off its 
stored body fat for six to eight months as it hibernates 
through the cold weather in an underground den. 
Mature males emerge first, in February or March, 
followed by fernales and immature males. Adults 
waste no time in starting a family since the young— 
born naked—need to grow and fatten up before 


anton 





their first winter rolls around. This cycle of life is under 
threat as agricultural development, building activity 
and afforestation lay claim to the squirrel's natural 
grassland habitat. 

As an active, committed global corporation, we 
join worldwide efforts to promote awareness of 
endangered species. Just one way we are working to 
make the world a better place—today and tomorrow. 
Visit ngm.com/canonwildlife to find out more. 
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TECHNOLOGY 








The relocated oak stands five 
stories tall and weighs nearly 
as much as a Boeing 747. 


What's New? 


Imagine flexible robot “skin” 
that can detect contact, or sensors 
for prosthetic limbs that can 

be integrated into human tissue. 
Stretchable silicon chips devel- 
oped at the University of Illinois 
at Urbana-Champaign may 
make such things possible. The 
malleable, wavy silicon ribbons 
resemble accordion bellows 


Tree Transplant when a big chain store wanted to build 
on a certain lot in Auburndale, Florida, a 120-year-old oak stood 
in the way. Rather than cutting it down, the retailer paid more than 
$100,000 to have the tree transplanted—a practice that’s become 
more common as municipalities require developers to preserve 
tree canopy, says Dan Joy of the Davey Tree Expert Company, the 
firm that moved the oak. Saving trees creates positive publicity and 
attracts crowds who come to watch the process. “It’s like the circus 
coming to town,” says Joy. The Auburndale oak’s move took six 
weeks of preparation. After uncovering and trimming its 42-foot- 
wide root-ball, the movers slid steel rods underneath (above), 
and the 353-ton tree was lifted onto a trailer for transport to its 
new home—just 500 yards away, in a wetland preservation area. 
So far the old tree is doing just fine. —Peter Gwin 


and are a thousandth the width 
of a human hair. 


Wasps can detect explosives 
and drugs. Scientists have trained 
tiny parasitic wasps from the 
species Microplitis croceipes to 
associate certain smells with food 
rewards. To earn their rewards, 
the wasps are put into a cartridge 


inside what the scientists call the 
“wasp hound,” a length of PVC 
pipe equipped with a tiny camera 
and alarm. When the wasps 
detect a target odor, they move 
toward its source, triggering 
the alarm. Training the insects 
takes only five minutes, but 
there’s high turnover: The wasps 
live only 12 to 22 days. 
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Vanishing Peyote The hallucinogenic buttons of this small cactus, used ceremonially by 
members of the Native American Church, are becoming difficult to find in the U.S, Only four harvesters, 
or peyoteros, are licensed to distribute peyote, which grows wild in southern Texas and northern 
Mexico. As more Texas ranchers lease their land to hunters and oil and gas companies, access to 
the plant shrinks. Peyote is easier to get in Mexico, but it’s illegal to import into the U.S. Meanwhile 
membership in the Native American Church—and demand for peyote—is rising. —Cate Lineberry 
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The builder of this 1955 Seattle, Washington, station patented his designs. 


Nostalgia Fuel along 
forgotten U.S. highways, old 
gas stations languish. Struc- 
tures like the Teapot Dome gas 
station in Zillah, Washington— 
built in 1922 to comment on 
the scandal then rocking the 
White House—and Seattle’s 
Hat n’ Boots (left), recall the 
automobile’s glory days. 
Now states from Oregon to 
Alabama are trying to save 
the structures by putting them 
on historic preservation lists. 
While the stations might not 
sell fuel anymore, they haven't 
run out of gas. —£lizabeth Quill 
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Nuts from shea trees 
dry in the Mali sun. 





Fat of the Land the world’s beauty industries find their 
ingredients in some pretty unlikely places—like the rooftops of 
Niongono, Mali (above). That’s where nuts from shea trees are 
dried before their kernels are crushed and cooked to extract the 
fat known as shea butter. It’s work traditionally done by women, 
and by hand. Now a demand for shea butter, also called karite, 
is providing entrance to international markets for 
women’s communities. 

Shea trees grow wild in western and central 
Africa; shea fruit pulp and nuts have served as 
food, fuel oil, and skin care for centuries. Only in 
the 1990s did the African shea industry come into 
its own. Most exports end up in food products; 

a 2003 European Union ruling allowing European 
chocolate to contain up to 5 percent non-cocoa 
vegetable fat has been a boon to shea-producing 
villages. But Western interest in shea’s cosmetic 
value now has salons such as René Furterer in Paris 
using it for skin and hair (left). International firms 





A stylist coats a client's such as L'Occitane—which in 2004 bought almost 200 tons of shea 
hair with a shea butter from Burkina Faso vendors—also promote shea butter products. 
product in a Paris salon. Shea butter users in the West once had to depend on friends 


traveling to Africa to bring the stuff home in suitcases. These days 
they can find shea products in their hometowns. —Cliff Tarpy 
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Flowering in late Spring the Mount Cook Lily is one of 415 mountain plants that are unique to the South Island's magnificent 


Mount Cook region. Whether you're there to take in the snow-clad peaks or heli-ski i 
down them, the alpine air and piercing light will refresh you like nothing else on earth. NAV AWARTN | 74st] telale Reve) aa) 


WHERE IN THE WORLD ? 





Uluru From Above “some sections are sacred to men. 
And some sections of it are for women only,” explains Debra 
Gardner, an official at Uluru-Kata Tjuta National Park, which 
surrounds this 1,142-foot-high monolith—also known as Ayers 
Rock—embedded in the hot red heart of Australia. The rock, 
here seen by satellite, contains certain cultural sites so sensitive 
that only Anangu, the local Aboriginal people, may visit them; 
the thousands of tourists pouring into the park each year are 
asked not to climb the rock out of respect for these beliefs. Still, 
anyone may watch from the desert floor as rugged stone folds 
soften in the glow of sunset. —Neil Shea 
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WILDLIFE 


| Crows live in 
groups and tend 
to mate for life. 





One Smart Bird crows are loud, sometimes annoying, 
and seem to spend an inordinate amount of time strewing trash 
across suburban lawns. They may also be the most creative birds 
in the world, according to a study by McGill University professor 
Louis Lefebvre. Crows have been observed using tools in the 
wild—probing logs for grubs with a twig, for example. And in 


Japan they’ve been spotted placing nuts they 
want cracked beneath the tires of cars stopped at 
red lights. Among nonhumans habitual toolmaking 
is extremely rare—and crows seem to be among 
the most skilled. Another study even suggests that 
certain wild crows possess a better understanding 
than chimpanzees of how and why they make tools. 
British researchers have also documented crows 
making tools in captivity: A New Caledonian crow 
named Betty bent a hook from a scrap of wire to 
help her reach treats stored inside a narrow tube. 

Crows seem to be sensitive too. Cornell ornithol- 
ogist Kevin McGowan has spent 16 years observing one crow 
population near Ithaca, New York. When the West Nile virus rav- 
aged the flock a few years ago, he observed behaviors generally 
associated with humans: Healthy crows stood sentinel over 
dying companions, and one widowed bird took her children and 
moved back in with her parents. —Margaret G. Zackowitz 





A New Caledonian 
crow uses a tool to 
snag a meal. 
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Agray whale slaps her flukes in 
a futile attempt to fend off an orca 
attacking her calf. 


Sexually transmitted diseases 
may play an important role in 
controlling insect populations. 
Researchers observed that a 
group of ladybugs mated about 
every two days during mating 
season, each time with a new 


partner. This behavior rapidly 
spread a sexually transmitted 
mite that feeds on ladybugs, but 
rather than wipe out the popu- 
lation, the mites sterilized all 
infected females. The researchers 
also noted that a new generation 





Death in Black and White every year it begins 
peacefully: Gray whales and their calves migrate from Mexico 
to summer off Alaska. At California’s Monterey Bay, some leave 
the coast, cutting straight across the mouth of the bay. Suddenly, 
killer whales rise from the deep and attack a gray whale calf. “To 
the untrained eye, it looks like frolicking,” says marine biologist 
Nancy Black. In fact, the killer whales are ramming the calf, causing 
internal injuries. Then they drown it. The orcas gorge on the calf’s 
belly blubber, grimly loosing its guts (above). “It’s a balancing 
act,” says Black. “Predator keeps prey in check.” —Michael Klesius 


of ladybugs was born shortly 
before the mite epidemic peaked, 
thus ensuring the continuation 
of the ladybug population—and 
food for the mites. 


Egg stealing could be a secret 

to saving the endangered whoop- 
ing crane. That's the method 
advocated by some researchers 
who've helped bring the birds 
back from the brink. In 1942 only 
16 whooping cranes existed; all 
nested in Canada’s Wood Buffalo 





National Park, Today more than 
450 whooping cranes live in 
populations in Canada and the 
U.S. Cranes usually rear just 
one chick after laying two eggs; 
the other is killed by its sibling 
or by predators. According to 

a paper in Biological Conserva- 
tion, removing the second egg 
and raising the chick greatly 
improves both chicks’ chances 
for survival because a single 
chick is less likely to attract a 
predator's attention. 


PHOTOS: PEGGY STAP. 
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Caught on film: Asiatic cheetah 
id four six-month-old cubs. 





Comeback Cats? These rare Asiatic cheetahs triggered a remote camera in central Iran’s 
Dar-e Anjir Wildlife Refuge, offering scientists hope for an animal on the knife-edge of extinction. Once 
wide-ranging in Asia, then decimated by poaching and habitat loss, fewer than 60 of the big cats 
exist today, mostly in pockets of Iran’s arid central plateau. This portrait of a healthy family suggests 
to biologists that cheetah prey in the region may be more abundant than previously thought. If so, 
the cheetahs themselves may be on an upward swing. —Jennifer S. Holland 





® Photo Gallery View images of cheetahs in Kenya’s Masai Mara National Reserve at ngm.com/0501. 





In South Africa shark fins are dried in the sun, then packaged and shipped 
to Asia. Shark fins bring some $200 a pound on the open market. 


Saving Sharks 

A new ban could help stem the 
lethal trade in shark finning— 
amputating a shark’s dorsal 
fin, then discarding the animal 
to die. The Northwest Atlantic 
Fisheries Organization, which 
regulates fishing in 36 coun- 
tries, recently agreed to outlaw 
the practice. At least 72 coun- 
tries now prohibit shark finning, 
but policing the seas for viola- 
tors is difficult. As the demand 
grows for fins to use in shark- 
fin soup, an Asian delicacy, 
shark populations worldwide 
continue to decline. 

—Margaret G. Zackowitz 
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1,2 AND 3 MG TABLETS 


Discover Lunesta,” a sleep aid that can change your nights. 


Even when your restless mind keeps you awake, 
Lunesta can give your body and mind the soothing 
sleep you need. Lunesta not only helps most people 
fall asleep fast, it helps you sleep all through the 
night. Peacefully, uninterrupted. Lunesta works 
quickly, so you should only take it right before bed. 
And prescription Lunesta is non-narcotic, and 
approved for long-term use. Of course, do not use 
sleep medicines for extended periods without first 
talking to your doctor. 


Now’s the time to catch the sleep you need. 
If you've been hesitant to take a prescription 
sleep aid, be sure to ask your doctor about Lunesta. 


How are your sleeping habits? There are many 
changes you can make in your lifestyle to improve 
your sleep. To find out more go to www.lunesta.com 


Important Safety Information: Be sure you have at 
least eight hours to devote to sleep before becoming, 
active. Until you know how you'll react to Lunesta, 
you should not drive or operate machinery. Do 

not use alcohol while taking Lunesta. Most sleep 
medicines carry some risk of dependency. Side effects 
may include unpleasant taste, headache, drowsiness 
and dizziness. 


See important patient information on the next page. 


Leave the rest to Lunesta 
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Please read this summary of information about LUNESTA before you talk 
to your doctor or start using LUNESTA. It is not meant to take the place 
of your doctor's instructions. If you have any questions about LUNESTA 
tablets, be sure to ask your doctor or pharmacist. 


LUNESTA is used to treat different types of sleep problems, such as 
difficulty in falling asleep, difficulty in maintaining sleep during the night, 
and waking up too early in the morning. Most people with insomnia have 
more than one of these problems. You should take LUNESTA 
immediately before going to bed because of the risk of falling. 


LUNESTA belongs to a group of medicines known as “hypnotics” or, 
simply, sleep medicines. There are many different sleep medicines 
available to help people sleep better. Insomnia is often transient and 
intermittent. It usually requires treatment for only a short time, usually 7 
to 10 days up to 2 weeks. If your insomnia does not improve after 7 to 
10 days of treatment, see your doctor, because it may be a sign of an 
underlying condition. Some people have chronic sleep problems that 
may require more prolonged use of sleep medicine. However, you should 
not use these medicines for long periods without talking with your 
doctor about the risks and benefits of prolonged use. 


Side Effects 


All medicines have side effects. The most common side effects of sleep 
medicines are: 

* Drowsiness 

* Dizziness 

+ Lightheadedness 

* Difficulty with coordination 


Sleep medicines can make you sleepy during the day. How 
drowsy you feel depends upon how your body reacts to the 
medicine, which sleep medicine you are taking, and how large a dose 
your doctor has prescribed. Daytime drowsiness is best avoided by 
taking the lowest dose possible that will still help you sleep at night. Your 
doctor will work with you to find the dose of LUNESTA that is best for 
you. Some people taking LUNESTA have reported next-day sleepiness. 


To manage these side effects while you are taking this medicine: 


+ When you first start taking LUNESTA or any other sleep medicine, 
until you know whether the medicine will still have some effect on 
you the next day, use extreme care while doing anything that 
requires complete alertness, such as driving a car, operating 
machinery, or piloting an aircraft. 

* Do not drink alcohol when you are taking LUNESTA or any sleep 
medicine. Alcohol can increase the side effects of LUNESTA or any 
other sleep medicine. 

* Do not take any other medicines without asking your doctor first. 
This includes medicines you can buy without a prescription. Some 
medicines can cause drowsiness and are best avoided while taking 
LUNESTA. 

© Always take the exact dose of LUNESTA prescribed by your doctor. 
Never change your dose without talking to your doctor first. 


Special Concerns 


There are some special problems that may occur while taking sleep 
medicines. 


Memory Problems 


Sleep medicines may cause a special type of memory loss or 
“amnesia.” When this occurs, a person may not remember what has 
happened for several hours after taking the medicine. This is usually not 
a problem since most people fall asleep after taking the medicine. 
Memory loss can be a problem, however, when sleep medicines are 
taken while traveling, such as during an airplane flight and the person 
wakes up before the effect of the medicine is gone. This has been called 
“traveler's amnesia.” Memory problems have been reported rarely by 
patients taking LUNESTA in clinical studies. In most cases, memory 
problems can be avoided if you take LUNESTA only when you are able to 


geta full night of sleep before you need to be active again. Be sure to talk 
to your doctor if you think you are having memory problems. 


Tolerance 


When sleep medicines are used every night for more than a few weeks, 
they may lose their effectiveness in helping you sleep. This is known as 
“tolerance.” Development of tolerance to LUNESTA was not observed in 
a clinical study of 6 months’ duration. Insomnia is often transient and 
intermittent, and prolonged use of sleep medicines is generally not 
necessary. Some people, though, have chronic sleep problems that may 
require more prolonged use of sleep medicine. If your sleep problems 
continue, consult your doctor, who will determine whether other 
measures are needed to overcome your sleep problems. 


Dependence 


Sleep medicines can cause dependence in some people, especially when 
these medicines are used regularly for longer than a few weeks or at high 
doses. Dependence is the need to continue taking a medicine because 
stopping it is unpleasant. When people develop dependence, stopping 
the medicine suddenly may cause unpleasant symptoms (see 
Withdrawal below). They may find they have to keep taking the medicine 
either at the prescribed dose or at increasing doses just to avoid 
withdrawal symptoms. 


All people taking sleep medicines have some risk of becoming dependent 
on the medicine. However, people who have been dependent on alcohol 
or other drugs in the past may have a higher chance of becoming 
addicted to sleep medicines. This possibility must be considered before 
using these medicines for more than a few weeks. If you have been 
addicted to alcohol or drugs in the past, it is important to tell your doctor 
before starting LUNESTA or any sleep medicine. 


Withdrawal 


Withdrawal symptoms may occur when sleep medicines are 
stopped suddenly after being used daily for a long time. In 
some cases, these symptoms can occur even if the medicine has been 
used for only a week or two. In mild cases, withdrawal symptoms may 
include unpleasant feelings. In more severe cases, abdominal and 
muscle cramps, vomiting, sweating, shakiness, and, rarely, seizures may 
occur. These more severe withdrawal symptoms are very uncommon. 
Although withdrawal symptoms have not been observed in the 
relatively limited controlled trials experience with LUNESTA, there Is, 
nevertheless, the risk of such events in association with the use of any 
sleep medicine. 


Another problem that may occur when sleep medicines are stopped is 
known as “rebound insomnia.” This means that a person may have more 
trouble sleeping the first few nights after the medicine is stopped than 
before starting the medicine. If you should experience rebound 
insomnia, do not get discouraged. This problem usually goes away on its 
own after 1 or 2 nights. 


If you have been taking LUNESTA or any other sleep medicine for more 
than 1 or 2 weeks, do not stop taking it on your own. Always follow your 
doctor's directions. 


Changes In Behavior And Thinking 


Some people using sleep medicines have experienced unusual changes 
in their thinking and/or behavior. These effects are not common, 
However, they have included: 


More outgoing or aggressive behavior than normal 
Confusion 

Strange behavior 

Agitation 

Hallucinations 

Worsening of depression 

Suicidal thoughts 


How often these effects occur depends on several factors, such as a 
person's general health, the use of other medicines, and which sleep 
medicine is being used. Clinical experience with LUNESTA suggests that 
it is rarely associated with these behavior changes. 


It is also important to realize it is rarely clear whether these 
behavior changes are caused by the medicine, are caused by an illness, 
or have occurred on their own. In fact, sleep problems that do not 


improve may be due to illnesses that were present before the medicine 
was used, If you or your family notice any changes in your behavior, or 
if you have any unusual or disturbing thoughts, call your doctor 
immediately. 


Pregnancy And Breastfeeding 


Sleep medicines may cause sedation or other potential effects in the 
unborn baby when used during the last weeks of pregnancy. Be sure to 
tell your doctor if you are pregnant, if you are planning to become 
pregnant, or if you become pregnant while taking LUNESTA. 


In addition, a very small amount of LUNESTA may be present in breast 
milk after use of the medication. The effects of very small amounts of 
LUNESTA on an infant are not known; therefore, as with all other 
prescription sleep medicines, it is recommended that you not take 
LUNESTA if you are breastfeeding a baby. 


Safe Use Of Sleep Medicines 


To ensure the safe and effective use of LUNESTA or any other sleep 
medicine, you should observe the following cautions: 


1. LUNESTA is a prescription medicine and should be used ONLY as 
directed by your doctor. Follow your doctor's instructions about 
how to take, when to take, and how long to take LUNESTA. 

2. Never use LUNESTA or any other sleep medicine for longer than 
directed by your doctor. 

3. If you notice any unusual and/or disturbing thoughts or behavior 
during treatment with LUNESTA or any other sleep medicine, 
contact your doctor. 

4, Tell your doctor about any medicines you may be taking, including 
medicines you may buy without a prescription and herbal 
preparations. You should also tell your doctor if you drink alcohol. 
DO NOT use alcohol while taking LUNESTA or any other sleep 
medicine. 

5. Do not take LUNESTA unless you are able to get 8 or more hours 
of sleep before you must be active again. 

6. Do not increase the prescribed dose of LUNESTA or any other 

sleep medicine unless instructed by your doctor. 

. When you first start taking LUNESTA or any other sleep medicine, 
until you know whether the medicine will still have some effect on 
you the next day, use extreme care while doing anything that 
requires complete alertness, such as driving a car, operating 
machinery, or piloting an aircraft. 

8. Be aware that you may have more sleeping problems the first 
night or two after stopping any sleep medicine. 

9, Be sure to tell your doctor if you are pregnant, if you are planning 
to become pregnant, if you become pregnant, or if you are 
breastfeeding a baby while taking LUNESTA. 

10. As with all prescription medicines, never share LUNESTA or any 
other sleep medicine with anyone else. Always store LUNESTA or 
any other sleep medicine in the original container and out of reach 
of children. 

11. Be sure to tell your doctor if you suffer from depression. 

12, LUNESTA works very quickly. You should only take LUNESTA 
immediately before going to bed. 

18, For LUNESTA to work best, you should not take it with or 
immediately after a high-fat, heavy meal. 

14. Some people, such as older adults (i.¢., ages 65 and over) and 
people with liver disease, should start with the lower dose (1 mg) 
of LUNESTA. Your doctor may choose to start therapy at 2 mg. In 
general, adults under age 65 should be treated with 2 or 3 mg. 

15. Each tablet is a single dose; do not crush or break the tablet. 


Note: This summary provides important information about LUNESTA. 
If you would like more information, ask your doctor or pharmacist to 
let you read the Prescribing Information and then discuss it with him 
or her. 
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lisher is searching for manuscripts. Fiction, 
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Saliva’s 
Saving 
Graces 





Joel Achenbach is 
a staff writer for the 
Washington Post. 


ART: SAM HUNDLEY 


Spit. Drool. Slobber. As body fluids go, writes Irwin Mandel 

of Columbia University, “Saliva is not one of the popular bodily 
fluids. It lacks the drama of blood, the sincerity of sweat, and the 
emotional appeal of tears.” 

But stand back and watch saliva enter its golden era. Scientists 
now argue that saliva is an elaborate substance that defends us 
against many hostile organisms. As a diagnostic tool, it appears 
to have breathtaking potential. 

Mandel started his pioneering research on saliva in the late 
1950s, Back then, most of what people knew about saliva was that 
it moistens food and contains enzymes that begin to digest it. Now 
scientists have charted many more components of saliva. Some 
proteins inhibit the transmission of the AIDS virus; others are 
critical in allowing friendly bacteria to adhere to teeth and gums, 
preventing severe infections. 

The National Institutes of Health, meanwhile, is exploring the 
many ways Saliva can be searched for warning signs of disease. 
The basic idea is, why draw blood when a patient can simply spit 

in a cup? Scientists can study saliva for stress-causing 
hormones and indicators associated with heart disease, 
HIV/AIDS, and osteoporosis. And since saliva contains 
DNA from cheek cells that are constantly being shed, 
analysts can potentially solve whodunits by examining 
saliva remnants on licked envelopes or stamps. 
Next up, says Lawrence Tabak, head of the National 
Institute of Dental and Craniofacial Research is “a 
miniature laboratory on a chip small enough to 
be inserted in the mouth.” Maybe it'll be mounted 
on a tooth. It'll monitor your saliva and transmit 

a radio signal about your health. (You can just 

imagine what else: “She hasn't been flossing.”) 

Saliva does a lot of work for other animals too. In 
some species of bats, saliva can neutralize poisons 
on the skins of frogs. Ticks, leeches, vampire bats, 

mosquitoes—and any of the other bloodsuckers known to 

science as hematophages—use saliva as an anticoagulant 
as they feed on blood. Experiments show that when cer- 
tain salivary glands are removed from mice, their wounds 
don’t heal as quickly after they lick them. This is apparently 
because a key component of their saliva is nerve growth 
factor, which stimulates nerves to close a wound. 

And, of course, saliva is a communication tool. We're not talk- 
ing about the human tendency to connote contempt through 
flamboyant spitting. In pigs, saliva contains chemicals that signal 
sexual availability. If you’re swine, drooling can be sexy. 

Saliva does all these interesting things even though it’s 99 per- 
cent water. There’s no reason to think it’s gross. For gosh sakes, 
you swallow almost a quart a day. 
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SICKNESS AND DOUBT Suffering from thyroid cancer, Oleg Shapiro, 54, and Dima Bogdanovich, 13, 
receive care at a thyroid center in Belarus. As a “liquidator,” Shapiro risked his health by razing 
contaminated houses near the destroyed reactor. It’s unlikely that Dima, born long after the explosion, 
developed cancer because of it. While the radioactivity that causes thyroid cancer decayed soon after 
the accident, people throughout the region continue to blame a wide variety of ills on Chernobyl. 
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PHOTOGRAPHS BY GERD LUDWIG 


n the wan light of a snowy spring 
morning, belongings scattered on 
the floor of an abandoned kinder- 
garten speak of a time before the 
children of Pripyat lost their inno- 
cence. Musty sandals and ballet slippers for 
tiny feet. Cardboard pictures of Lenin as a 
young boy and as a youthful leader—the 
Soviet equivalent of baseball cards. In the 
next room, dolls in various states of dress 
and dismemberment, lolling on metal cots 
where the children once napped. Finally, 
on the gymnasium wall, photos of the chil- 
dren themselves—doing calisthenics, climb- 


ing monkey bars, balancing on boards. 


Twenty years ago this month, life in Pripyat came 
to a shuddering end. Before dawn on April 26, 
1986, less than two miles south of what was then 
a city of 50,000, the Chernobyl Nuclear Power 
Plant’s number four reactor exploded. Thirty 
people died in the blast and fire or were exposed 
to lethal radiation. The destroyed hulk burned 
for ten days, contaminating tens of thousands 
of square miles in northern Ukraine, southern 
Belarus, and Russia’s Bryansk region. It was the 
worst nuclear accident the world has ever seen. 

The fallout, 400 times more radioactivity 
than was released at Hiroshima, drove a third 
of a million people from their homes and trig- 
gered an epidemic of thyroid cancer in children. 
Over the years, the economic losses—health 
and cleanup costs, compensation, lost produc- 
tivity—have mounted into the hundreds of 
billions of dollars. As evidence of government 
bungling and secrecy emerged in its wake, Cher- 
nobyl (or Chornobyl, as it is now known in 
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independent Ukraine) even sped the breakup 
of the Soviet Union. 

Today the fiercely radioactive remnants of reac- 
tor four continue to smolder beneath the so-called 
sarcophagus, a decaying concrete-and-steel crypt, 
hastily built after the accident, that now threat- 
ens to collapse. Work is about to get under way 
on a replacement: an arched structure, the size 
of a stadium, that will slide over the sarcoph- 
agus and seal it off. With its completion the 
destroyed reactor will be out of sight. But for the 


SILENT NURSERY On the day of the disaster, 
children oblivious to the nuclear accident played 
in this kindergarten in Pripyat, the reactor’s com- 
pany town. They were evacuated the next day. 


region’s people it will never be out of mind, as 
a slow-motion catastrophe continues to unfold. 

Early estimates that tens or hundreds of thou- 
sands of people would die from Chernobyl 
have been discredited. But genetic damage done 
20 years ago is slowly taking a toll. No one can 


be sure of the ultimate impact, but an authori- 
tative report estimated last year that the canc 


fuse lit by Chernobyl will claim 4,000 li 
Alexei Okeanov of the International Sakharov 
Environmental University in Minsk, Belarus, who 
studies the health effects of the acc i 
“a fire that can’t be put out in our lifetimes.” 
Yet Chernobyl’s most insidious legacy may be 
the psychological wounds borne by those who 
fled blighted homes, and by the several million 
who continue to live on contaminated land. “The 
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psychological effects have been devastating,” says 
Mikhail Malko, a physicist in Minsk. “Many 
women feel they will give birth to unhealthy 
babies or babies with no future. Many people feel 
they will die from Chernobyl.” 


Olesya Shovkoshitnaya doesn’t know whether to 
blame Chernobyl for her terrible headaches and 
the fact that, she says, “sometimes I forget every- 
thing.” But she has fond memories of growing 
up in Pripyat, built in the 1970s for the Cher- 
nobyl plant’s personnel. “It was fantastic. It was 
a warm town, lots of trees, roses,” she says over 
a bowl of the cherry dumplings called vareniki 
in Kyiv, about 70 miles south of Chernobyl, 
where she now lives. “We had sport classes. I 
played handball, swam, played checkers. We had 
music. I was in choir. | enjoyed my childhood.” 

That life ended when Olesya was ten. At 1:23 
a.m. that April morning, technicians botched 


CHERNOBYL'S DEADLY F 


Windblown fallout like the plume sho 


a routine safety test on reactor four. The 
graphite-core reactor, a Soviet design, had an in- 
herent instability, and in seconds the nuclear 
chain reaction raced out of control. The reac- 
tor’s cooling water flashed into steam, blasting 
apart the fuel rods. Western reactors are sealed 
inside heavy steel and concrete shells, but this 
one had little to contain the explosion. It blew 
off the roof, scattered the guts of the reactor 
around the building, and ignited a raging fire in 
what was left of the graphite core. 

Olesya’s mother, a technician at the plant, 
reported to work as usual that morning, several 
hours after the accident. Olesya went off to school. 
“It was hot that day, real summer,” she recalls. At 
school, “people were gossiping. We were shut 
indoors. | couldn’t understand why.” After their 
lessons the children were told to go straight home 
and not to linger outside playing. 

Olesya’s mother returned in the afternoon and 


OOTPRINT 


wn below fell thick near the reactor, forcing the 


evacuation of more than a thousand square miles straddling the Ukraine-Belarus border 


(right). High-altitude winds swept radi 


joactive smoke and ash across a wider area (map, 


lower right), which scientists traced from soil levels of cesium 137, a long-lived isotope. 


RADIATION RELEASE 
After the initial explosion 
of the reactor, emergency 
workers tried to smother 
the fire with materials like 
sand and lead. But the 
next day, the material was 
ejected in a smaller blast 
that sent a plume of radio- 
active particles toward the 
town of Pripyat (below). 
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THREATENING CLOUD 
Scientists combined recent 
measurements of soil 
contamination with wind 
data from the time of the 
accident to create a com- 
puter model of the local 
radiation plume. The red 
shows how the particles 
rose and spread before 
falling to the ground. 


NEAR MISS 

Favorable winds kept this 
concentrated cloud of radio- 
active particles away from 
Pripyat, a city of 50,000 
plant workers and their 
families, who had not yet 
been evacuated. If the city 
had suffered a direct hit, 
thousands could have fallen 
sick or died, 
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GRIM LABORATORY 

The abandoned city of 
Pripyat today is used to 
study urban fallout patterns. 
Why? Chernobyl resembled 
a giant dirty bomb, which 
spreads radiation with a 
conventional explosion. 
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FIFTEEN MINUTES OF HELL Workers wearing plastic suits and respirators for protection drill holes for 
support rods inside the shaky concrete sarcophagus, a structure hastily built after the explosion to 
isolate the radioactive rubble of reactor four. Their job is to keep the deteriorating enclosure standing 
until a planned replacement can be built. It’s hazardous work: Radiation inside is so high that workers 
constantly monitor their personal exposure meters—and can risk shifts no longer than 15 minutes. 
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closed the windows. A city worker came by with 
iodine tablets, a prophylactic against radioactive 
iodine 131. Mom also gave Olesya a shot of vodka, 
widely believed in Soviet lands to protect against 
radiation. Her father, an engineer, returned that 
day from Moscow, where he had passed a doctoral 
exam. His thesis, ironically, was on the odds of a 
catastrophe at a nuclear power station. On his way 
home, he told Olesya later, he saw children splash- 
ing in puddles where the road had been hosed 
down. He pleaded with them to get indoors. They 
were drenching themselves with radiation. 

Ina radio broadcast the next morning, officials 
announced that there had been an accident and 
the town would be evacuated. That day 1,100 
buses from across Ukraine lined up in Pripyat. 
By 5 p.m. the city was empty. 


Nineteen years later, in 2005, a shivering crowd 
attends a midnight vigil in Slavutych, a city built 


in the late 1980s as a replacement for Pripyat. 
Thirty miles away, it housed workers who tend- 
ed the remaining three Chernobyl reactors 
until they were shut down, the last of them in 
2000. Etched in black marble in the central 
square are the names and faces of the disaster’s 
first victims. Two plant workers, Valery Khodem- 
chuk and Vladimir Shishenok, died from the 
blast and fire. The others, 22 plant workers and 
six firefighters, were exposed to colossal radia- 
tion doses and succumbed within months. 
As an Orthodox priest chants and a choir 
hymns Gospodi, Gospodi, Gospodi—my God, my 
God, my God—family members solemnly set 
wreathes and candles under the engravings of 
their loved ones. 

During the days after the explosion thousands 
of other workers, called liquidators, were rushed 
to Chernobyl to tame the radioactive inferno. 
Coal miners dug underneath the seething core 


ENTOMBING THE REACTOR 


A new Chernoby! disaster could result if the fragile old sarcophagus collapses. Already it 
leaks rain and melted snow, which further weaken the structure. But starting as early as 

this year, engineers will begin work on a movable hangar-like structure, expected to cost 
800 million dollars, that will safely isolate the ruin until a permanent solution can be found. 
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WORKING AT A DISTANCE 

A few hundred yards away 

from the hazardous reactor, 
metal-clad arches are erect- 
ed (1) and joined (2) to form 
the structure. 


MOVING THE SHELTER 

The structure, 500 feet long, 
840 feet wide, and taller 
than the Statue of Liberty, 
is slid into place (3) along 
concrete foundations. 


Confinement 
structure 


350 feet 


| 
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to allow liquid nitrogen to be pumped in and 
cool the nuclear fuel. Helicopter pilots dumped 
5,000 tons of lead, sand, clay, and other material 
in an effort to douse the flames. Soldiers made 
timed dashes onto the roof to shovel smoking 
graphite blocks blown out of the reactor back 
into the core. Referred to, sardonically, as “bio- 
robots,” many of the 3,400 surreally brave men 
who took part in this operation absorbed a life- 
time radiation dose in seconds. 

On May 6 the fires in the mangled reactor were 
finally extinguished, and an army of liquidators 
went to work building the sarcophagus and con- 
solidating radioactive waste at several hundred 
dumps near Chernobyl. In those early days 
doctors monitoring the liquidators watched 
white blood cell counts drop and feared for their 
health. Most recovered. 

But now a new wave of ailments may be strik- 
ing the 240,000 men and women who worked 
on the front lines of the disaster. Cataracts, a 





LOOMING THREAT Beneath the buttressed western 
wall of the sarcophagus—one of the shakiest 
parts of the reactor enclosure—a worker ducks 
into a lead-lined booth during a moment of down- 
time to minimize radiation exposure. 


hallmark affliction of atom-bomb survivors in 
Japan, are on the rise. More worrisome, a study 
of Russian liquidators blamed the accident for 
230 “excess” deaths in the 1990s—from heart dis- 
ease as well as leukemia and other cancers. 

The connection between Chernobyl and heart 
disease is controversial. Blasts of radiation can 
damage blood vessels, but some scientists believe 
the elevated rate of heart disease among the liq- 
uidators is more likely the result of heavy drink- 
ing and smoking, stress, and a poor diet. The 
cancer spike among the liquidators, however, was 
long expected, and the smattering of cases so far 
could be just the beginning. Jacov Kenigsberg, 
the chairman of the National Commission of 
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“The shelter was and is risky. 
It’s a threat to people working here, to the 
residents, and to the environment.” 


Radiation Protection of Belarus, notes that it took 
20 to 25 years for some radiation-induced can- 
cers to appear in the atom-bomb survivors. “We 
can say that we’re on the beginning of the road.” 


The millions of ordinary people who had the bad 
luck to live downwind of Chernobyl are also at 
risk. The initial explosion rained radioactive 
material to the west of the reactor, sparing Pri- 
pyat a direct hit while killing a swath of pines 
that became known as the Red Forest for the 
eerie red needles of the dead trees. “The winds 
were very, very fortunate,” says Ronald Chesser, 
an ecologist at Texas Tech University who is 
studying the plume as a model of what might 
happen if a radioactive dirty bomb exploded in 
an American city. 

Then, as the reactor burned out of control, 
winds swept the cloud north. Seventy percent of 
the radioactivity drifted into Belarus, contami- 
nating nearly a quarter of the country. Yet the 
Soviet government left people there in the dark. 
While children in Pripyat were taking iodine pills 
hours after the explosion, authorities in Belarus 
did not begin distributing pills for a week or 
more. All that time children were drinking milk 
laced with radioactive iodine 131 from cows that 
had grazed on contaminated grass. The short- 
lived, powerful isotope made its way to the thy- 
roid gland, which has an affinity for iodine. 

Starting in 1990, Alexei Okeanov and others 
observed the consequences: a sharp rise in child- 
hood thyroid cancer. “It was absolutely obvious 
it was due to Chernobyl, but it was very hard to 
prove,” Okeanov says. Before Chernobyl, Belarus 
had two or three cases a year in children under 
the age of 15. In 1995 there were 90 cases. To date 
about 4,000 children and teenagers in Belarus, 
Russia, and Ukraine have been diagnosed with 
the cancer, the largest fraction of them from 
Homyel, a heavily contaminated region of Belarus 
just north of Chernobyl. Although thyroid can- 
cer has one of the highest cure rates of any 
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malignancy, at least nine children died when their 
tumors spread, and survivors must spend a life- 
time on medication. 

Now that a generation has passed since the 
accident, thyroid cancer is once again rare in chil- 
dren. But in adults the incidence may be rising. 
Okeanoy says Belarus's national cancer registry 
also shows a rise in colon and bladder cancer in 
Homyel, although some experts think better 
surveillance after the accident may explain at least 
some of the cancer increases. 

A report last year from the Chernobyl Forum, 
a group of experts convened by the Interna- 
tional Atomic Energy Agency, the World Health 
Organization, and other United Nations agencies 
estimated that among the millions exposed to 
Chernobyl’s radioactive cloud, nearly 4,000 will 
ultimately die from leukemia and other radiation- 
induced cancers. It’s a measure of the health fears 
immediately after the accident that this number 
comes as a relief. 

The impact of Chernobyl does not end with 
cancer deaths. In the early days “we never antic- 
ipated the psychological toll on the survivors,” 
says Mikhail Balonoy, the Chernobyl Forum’s 
scientific secretary. Believing they are doomed, 
some live in fear, while others pursue a devil- 
may-care lifestyle: eating mushrooms and berries 
from contaminated soil, abusing alcohol, or 
engaging in unprotected promiscuous sex. 

Adding to the suffering is the displacement 
of hundreds of thousands of people, who were 
either evacuated from the most heavily contam- 
inated regions or fled on their own. Olesya 
Shovkoshitnaya, evacuated from Pripyat at ten, 
says life as a“Chernobyl child” hasn't been easy. 
“T was so depressed afterward,” she says. Her fam- 
ily stayed with relatives in eastern Russia for three 
months before being allotted a spacious apart- 
ment in Kyiv and enough cash to buy furniture. 

Not surprisingly, their new neighbors resent- 
ed the torrent of evacuees and the preferential 
treatment they received as official Chernobyl 





LOST WORLD Life con- 
tinues, uneasily, in 
the evacuation zone, 
flaring into a dance 
at a bar in the village 
of Chernobyl, where 
cleanup workers, sci- 
entists, and others on 
official business try to 
forget radiation for a 
night. But for an exiled 
resident of Pripyat 
(below), the stillness 
of a city boulevard 
stirs memories of her 
former life. In her 
hand is an old photo 
of the same street 
years earlier. 
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victims, “Some people really hated us,” says 
Olesya. “They said, we are living in a contami- 
nated zone as well. But they got no compensa- 
tion.” Even today Ukraine and Belarus spend 
some 5 percent of their national budgets on Cher- 
nobyl, mostly on cash, holiday trips, and other 
benefits for the millions of registered victims. 

Those who stayed behind still inhabit a 
contaminated landscape. The two most pervasive 
radionuclides from Chernobyl, cesium 137 and 
strontium 90, will remain in the environment for 
decades. Schools and other public buildings in 
southern Belarus are regularly washed down. 
Fields are fertilized with potassium to limit the 
uptake of cesium into crops and lime to block 
strontium. Lengthy regulations spell out what 
should be grown in which soils (only potatoes in 
peat but a wider range of crops in clayey soils, 
which lock up radionuclides). The most contam- 
inated land—several hundred thousand acres— 
still lies fallow, though the government of Belarus 
is taking steps to reclaim it. 


At a gate and guardhouse 18 miles from the reactor, 
cultivation stops entirely. Fields give way to for- 
est, dark, fragrant, and still unsettling on my fourth 
visit in ten years to the exclusion zone, a tightly 
controlled area almost twice the size of Luxem- 
bourg. The first time, in 1995, a dog pranced up 
as I waited for guards to inspect my papers. I felt 
a stab of pity: A huge tumor had deformed its jaw. 
As the dog got closer, though, I realized that my 


SWEET HOME Ivan Marty- 
nenko (left) and his wife 
have come home to their 
village near Chernobyl. 
Roughly 350,000 people 
were forced to evacuate 
after the explosion. Now, 
disaster be damned, 
some 400 elderly people 
have returned. At first 
Ukrainian officials 
discouraged them. But 
when it became clear 
they meant to die at 
home, medical care 
(right) and other services 
were provided. 


anxiety about radioactivity had played a trick on 
me. The tumor was really a chunk of asphalt the 
dog was carrying in its mouth. 

At the center of this accidental wilderness 
stands the sarcophagus, naval gray and malig- 
nant, and rustier than | remember. Built in six 
months, it was planned to last at most 20 years. 
One beam supporting the corrugated steel roof 
rests precariously on a severely damaged wall of 
the reactor hall, while the western side of the 
structure has bulged several inches. None of the 
joints were welded: Workers couldn't get close 
enough. Any of a number of freak scenarios—an 
earthquake, a tornado, a heavy snow—could bring 
it crashing down. Or the sarcophagus, also known 
as the shelter, could simply collapse on its own. 

This fragile shelter holds an estimated 200 tons 
of nuclear fuel, some of it in the reactor core and 
some in an unearthly radioactive “lava”—fuel 
rods, concrete, and metal that melted together 
in the inferno and oozed into the warren of 
rooms beneath the reactor. There’s enough en- 
riched uranium and plutonium in the hulk for 
dozens of atomic bombs. 

But the immediate threat is water. A few years 
ago workers measured more than a thousand 
square yards of cracks and holes in the sarcoph- 
agus, which were allowing rain and melted snow 
to pool in its bowels, The water further weakens 
the structure, and it seeps out into the environ- 
ment, carrying radioactive contaminants. Water 
can also act as a nuclear moderator: a substance 
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CANDLES FOR THE DEAD In a midnight gathering at the Monument to the Firemen, shift workers in 
Chernobyl honor those killed by the explosion. Two plant workers died in the blast; another 28 workers 
and firemen soon succumbed to radiation poisoning. Some 4,000 more people may eventually die of 
cancer. That number is lower than originally feared, but the social upheaval caused by mass relocation 
and fear of disease has created its own deadly health risks—depression and alcoholism among them. 
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“The psychological effects have been devastating. 
Many women feel they will give birth to unhealthy 
babies or babies with no future.” 


that aids a chain reaction. Though the risk is 
deemed minute, a renewed chain reaction could 
trigger another steam explosion, blowing open 
the sarcophagus, scattering chunks of fuel, and 
releasing tons of fine radioactive dust. 

On the night of June 26, 1990, after two weeks 
of heavy rain, detectors in one lava-filled room 
registered a sharp rise in neutrons, a sign of an 
impending chain reaction. Four days later, a 
physicist from a technical center in the old town 
of Chernobyl, ten miles away, dashed in to pour 
neutron-quenching gadolinium nitrate on the 
lava. The neutrons subsided. 

Similar selflessness over the years has taken 
a heavy toll. The technical center, run by the 
Ukrainian Academy of Sciences, is the home of 
the “stalkers,” scientists who work in the sarcoph- 
agus, exposing themselves to high levels of radi- 
ation as they monitor the state of the reactor fuel. 
Near the entrance is a list of several dozen who 
have died, many in their 40s and 50s, many from 
cancer or heart disease. I recognize one, Edward 
Denisenko, whom I’d met a decade ago, and 
recall him musing about who in their right mind 
would want to work at Chernobyl. “If people from 
the West and Russia don’t want to come here,” he 
had asked, “who will? God? The devil?” 

In the past two years 90 percent of the gaps 
have been plugged, and a new sprinkler system 
dispenses gadolinium in the central hall. Most 
rainwater is pumped out, though some is allowed 
to linger to suppress dust. But Yuliya Marusych, 
who works in the nuclear plant’s information 
department, says flatly, “The shelter was and is 
risky. It’s a threat to people working here, to the 
residents, and to the environment.” 

Marusych, a chain-smoker whose brown hair 
is dyed ginger red, takes me inside for a look. 
Radiation dosimeters in our pockets, masks on 
our faces, we pass through a series of corridors 
to a checkpoint where a plant engineer shows 
me a diagram marked with radioactivity levels. 
The hottest recorded spot in the sarcophagus, 
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at 3,400 roentgens an hour, would deliver a lethal 
dose in a few minutes. 

The deepest that Marusych can take me is the 
control room of reactor four (pages 32-3). It was 
here 20 years ago that night-shift operators 
watched in horror as the chain reaction spiraled 
out of control. Though the ceiling tiles are gone, 
exposing pipes and a mass of wires and cables, 
the instrument boards are intact. Five years ago, 
the room was doused with a pink decontamina- 
tion solution. Where the residue clings to the 
walls it looks disturbingly like blood. 

This haunting monument will ultimately be 
dismantled. After ten years of complicated nego- 
tiations, work is expected to start later this year 
on a new sarcophagus, developed by the Battelle 
Memorial Institute, Bechtel Group, Electricité 
de France, and the Chernobyl Nuclear Power 
Plant. Longer than a football field, taller than 
the Statue of Liberty, costing perhaps 800 mil- 
lion dollars, the so-called New Safe Confinement 
(NSC) is designed as a giant steel arch. For safety, 
it will be built at a distance from the sarcopha- 
gus and then slid into place. It will be the largest 
moveable structure ever built. 

Construction is expected to take four to five 
years, and it won't be easy. After the accident, reac- 
tor fuel and radioactive waste were buried hap- 
hazardly around the sarcophagus, where workers 
will have to excavate to build the NSC’s founda- 
tion. “Who knows what we'll find down there,” 
says project engineer Fabien Sauvadet. 

Once the NSC is in place, remotely operated 
cranes will allow engineers to painstakingly 
dismantle the old sarcophagus. But the shattered 
reactor and its tons of nuclear fuel, far too radio- 
active to handle even from a distance, will stay 
where it is for now. 


Away from ground zero, wildlife has reclaimed the 
hundreds of square miles of abandoned land in 
the exclusion zone. More than a hundred wolves 
prowl the forest, endangered black storks and 


SICK WITH FEAR 
Mentally disabled 
children (left) live in an 
institution in Belarus. 
Children born in the 
region are said to have 
a higher rate of birth 
defects and retardation 
because of Chernobyl, 
a belief not supported 
by a recent UN study. 
The study did find that 
the accident left a 
damaging legacy of 
fear among new 
mothers like Yelena 
Banchuk, 32 (below), 
exposed to fallout as 

a girl in Belarus. 
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LIFEENDURES A tree grows in a Pripyat school 
abandoned two decades ago. Nature is slowly 
dismantling the city even as the Chernobyl 
evacuation zone thrives with plant and animal 
life. It's a stark but perhaps hopeful contrast 
to the fear-plagued lives of the people who 
survived the world’s worst nuclear accident. 


white-tailed eagles nest in the marshes, and 
several dozen Przewalski’s horses, a rare breed 
that went extinct in the wild decades ago, are 
thriving after being released here in 1998. Pines 
are even reclaiming the Red Forest, though 
patches of lingering radioactivity have left them 
stunted and deformed, with unnaturally short 
or long needles and clusters of buds where nor- 
mally there would be just one. This radiation- 
warped forest is an anomaly. On the whole, 
ecologists marvel at how resilient nature has 
proved to be in the face of radiological adversity. 

So have people. The exclusion zone was vacat- 
ed after the Chernobyl explosion. But within 
months some residents were drifting back, in 
defiance of Ukrainian authorities. Today 400 
mostly elderly people live in the decaying wood- 
en villages that dot the zone, and the government 
has mellowed enough to provide electricity and 
bus service to nearby towns for shopping. 

In the village of Opachichi, population 19, a 
rooster and hens strut next to the weathered cot- 
tage of Anna and Vasily Yevtushenko. She has 
just turned 70; he’s 66. Vasily, dressed in gray 
trousers and a plaid lumberjack-style shirt, does 
most of the talking. We stand in a corner under 
a painted wooden icon of the Virgin Mary and 
glance through a photo album. “This is our 
daughter,” Vasily says, and then, pointing to the 
opposite leaf, “this is our cow.” 

A week after the accident, Anna and Vasily were 
evacuated to a village a hundred miles away. “We 
didn’t enjoy the place; the climate was wrong,” 
Vasily says. Two years later they reclaimed their 
cottage in Opachichi. “We have everything we 
need,” Vasily says, including home-brewed vodka. 

Vasily shows me the results of blood tests he 
and Anna took in 2004. Everything looks nor- 
mal. “If there was something, we would have 
already died,” he says. Anna chimes in. “People 
ask me why I am not afraid,” she says, smiling a 
mouthful of gold fillings. “I say this is my own 
house. I get up in the morning, I have chores 
to do. That's all” 
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If Opachichi is a living relic of a nuclear night- 
mare, Pripyat is more like the clock found in the 
rubble of Hiroshima, its lifeless hands forever 
stuck at the moment of detonation. After pass- 
ing through a checkpoint with a red-and-white- 
striped gate to deter looters and the merely 
curious, I meander through what was once a tidy 
town. Rows of white and pastel apartment blocks 
stand vacant, their windows dark and their 
lower stories overgrown. Near a kindergarten and 
a sports complex with a swimming pool, now 


empty and debri ewn, that Olesya recalled 
from her childhood stands a rusted Ferris wheel, 
its yellow cars groaning in the wind. It had been 
built just in time for May Day 1986. 

The Energetik cultural palace, a grand hall 
where dances and concerts were held, presides 
over a desolate square. Poplars are pushing up 
through the pavement. Moss in the cracks sets a 
Geiger counter chattering. Although rains have 
cleansed some surfaces, a skein of hot spots will 
keep this soulless shell radioactive for a lifetime. 


“What's so spooky about standing in the heart 
of Pripyat is not the destruction to the concrete 
and steel,” says Ron Chesser. “It’s the lack of peo- 
ple, the silence.” Over time, the radionuclides will 
run through their half-lives, the survivors’ fea 
will fade. But this loneliness ws no cure. 0 


%\ After the explosion Revisit Chernobyl with photo- 
grapher Gerd Ludwig in a multimedia show and 
share your thoughts on whether we are prepared 
for another nuclear disaster at ngm.com/0604. 
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“MUGLEAR POWER RISKING A COMEBACK: 


ee Calvin Nolt, at left, gets more 


harmful radiation from a day.in 
the sun than from a-year near 
the Three Mile Island Generat- 
ing Station, where’ steam rises 
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Serve the one reactor still in 
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inspector. “They’re cash cows,” says James 
Tulenko, a nuclear fuel specialist, University of 
Florida professor, and immediate past president 
of the American Nuclear Society. With hefty 
construction bills paid off at many plants, “you 
just deal with the operating costs. All those plants 
run flat out day and night,” he says. And they 
deliver electricity more cheaply than gas or 
coal plants. 

That’s not the whole story, of course. The 
hopes of a burgeoning nuclear industry implod- 
ed 27 years ago after the partial meltdown at one 
of the Three Mile Island reactors in Pennsylva- 
nia, followed by the horror of Chernobyl seven 
years after that. Plus, decisions made by utility 
regulators in the 1970s and ’80s left companies 
barely able to pay off billion-dollar nuclear 
construction bills. Now the U.S. produces half 
its electricity with cheaper coal-burning plants. 
The trouble with that is the two billion tons of 
climate-warming carbon dioxide spewing sky- 
ward every year. Industrializing nations, such as 
India and China, hungry for every megawatt of 
power they can produce, are also building new 
coal plants at a rapid clip. 


Still, for nearly a decade, with no new plants, nukes’ 
20 percent share of U.S. electricity production 
has held steady, keeping pace as overall electric- 
ity output has risen 15 percent. In the 1970s 
and 80s unscheduled shutdowns for repairs or 
other problems limited U.S, plants to less than 
65 percent of their potential output. Today, with 
experience and improved operating practices, 
output exceeds 90 percent. 

So is it time to embrace the atom again? 
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ukes again? Maybe. The United States operates 103 nuclear power 
reactors—that’s a quarter of the world’s total—even if the most 
famous U.S. nuke isn’t even real. That would be the Springfield 
plant, where doofus TV cartoon hero Homer Simpson is a safety 


There's a “nuclear renaissance” buzz emitting 
from engineers who design and operate reac- 
tors, think-tank academics who worry about 
long-range energy and environmental strategies, 
utility company executives, top members of the 
Bush Administration, and members of Congress. 
Proponents say atomic energy is a proven tech- 
nology for a 21st-century civilization desperate 
to swear off fossil fuels and not to go broke doing 
it. Nuclear fission emits none of the greenhouse 
gases that are warming the climate. The Nuclear 
Energy Institute estimates that without nuclear 
power playing its current role in the generation 
of electricity, the U.S. would spew 29 percent— 
190 million metric tons—more carbon than it 
does now. 

Scratch a nuclear engineer these days, and 
you'll likely find, under the buttoned-down 
exterior, a raving green activist. Even among the 
ranks of environmentalists who a decade ago 





MISSILES TO MEGAWATTS 


Technicians inspect a nuclear fuel assembly 
made of rods holding uranium pellets. In the 
U.S. half the uranium used in such assemblies 
comes from decommissioned Soviet weapons. 
The cost of new plants and memories of acci- 
dents have curbed demand for new reactors. 
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could barely tolerate the mention of nukes, the 
possibility is getting an occasional thumbs-up. 
Climate change, for many, trumps any fear of 
nuclear energy. Its overwhelming advantage is that 
it’s atmospherically clean, writes Stewart Brand, 
founder of the 1970s Whole Earth Catalog. 

Yet, Brand points out: “Nuclear certainly has 
problems—accidents, waste storage, high con- 
struction costs, and the possible use of nuclear 
fuel for weapons.” Most experts agree that such 
problems are no small drawback to forging ahead 
with new nukes. So despite shifting attitudes, 
atomic allergy has eased only slightly if at all 
among the bulk of prominent environmental 
leaders. Analysts also point to other problems, 
such as unresolved waste questions and limited 
public input on the whole issue of nuclear pow- 
er. The current strategy, predicts Gus Speth, 
co-founder of the Natural Resources Defense 
Council and Dean of Forestry and Envi- 
ronmental Studies at Yale University, will just 
replay the battles of the 1970s. 


Other nations are watching the U.S., but not wait- 
ing. France gets 78 percent of its electricity from 
nuclear power and is considering replacing its 
older plants with new ones. And the industry is 
expected to burgeon in Asia in the next quarter 
century. China, on top of its headlong rush to 
build coal-burning plants, also has ambitious 
plans for new reactors: It can get 6,600 mega- 
watts of power now from nine reactors. It’s aim- 
ing for 40,000 megawatts. 

India, a nation of 1.1 billion people—and one 
beset both by crushing poverty and a tumul- 
tuously expanding economy—has 15 nuclear 
power reactors already at work. Eight more are 
under construction, more than in any other 
nation. The Department of Atomic Energy lauds 
the greenhouse benefits of nukes, but the main 
impetus is sheer gigawatt lust. “Our energy pol- 
icy is simple,” says Baldev Raj, director of the 
Indira Gandhi Centre for Atomic Research near 
the Bay of Bengal city of Chennai. “If you have 
a way to make electricity, then we say, make as 
much as you can.” 

That would include building reactors such 
as those at Kaiga Generating Station in a clearing 
in the jungled Western Ghats mountains about 
20 miles inland from southwest India’s seacoast. 
Coming upon the two 220-megawatt, pressurized 
heavy-water reactors is like stumbling into a 
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thumping big factory in the middle of Yellowstone 
National Park. The region gets more than 15 
feet of rain yearly, and its forest is home to 
increasingly threatened species. “Tigers? Yes, 
they are near. Panthers and king cobra too,” says 
Anwar Siddiqui, senior manager for the Nuclear 
Power Corporation of India. 

A country with reactors in such places must 
really like them, Amid a jumble of construction 
cranes and heavy concrete walls, two similar 
reactors are rising next to the first two, and 
another pair, more than twice as powerful, will 
likely join them in coming years. 

Back near the Indira Gandhi center a 500- 
megawatt breeder reactor is under construction 
and set to start up in 2010, Four more are to 
follow by 2020. They are very efficient at man- 
ufacturing plutonium fuel from their original 
uranium fuel load, which greatly increases the 
amount of energy they produce. But critics 
worry that the plutonium could possibly get in 
the wrong hands. 

In part because of proliferation concerns, 
the U.S. has sworn off such breeder reactors 
for the time being. But outside powers have 
little leverage over India’s nukes. With few 
exceptions they are entirely homegrown. India 
gave itself little choice about going it alone. In 
1974, it set off an underground nuclear explo- 
sion using plutonium surreptitiously diverted 
from a test reactor that Canada helped it build 
in the 1950s. 

India became a nuclear pariah. Other coun- 
tries suspended technical assistance, and Cana- 
dian engineers walked off a job in Rajasthan. 





POWER HUNGRY 


The reactor under construction will make 
electricity for three million people in Chennai, 
India. Asia’s expanding populations and indus- 
tries are leading nations to seek energy from 
nuclear power along with coal and natural gas. 
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The Indians finished the plant themselves. 

They are now enthusiastic masters of all things 
nuclear. The uranium fuel in Kaiga’s reactors 
comes from mines west of Calcutta; workshops 
in the south provide the plant with gleaming, 
65-foot-high, 110-ton steam generators that 
drive electric dynamos. Control systems, zircaloy 
fuel tubes, and 22-ton reactor components 
arrive from Hyderabad. 

“We can’t go back, we can only go forward,” 
said Swapnesh Malhotra, a spokesman for 
India’s atomic energy department. “Life depends 
on energy, and I ask, where do we get it? We will 
get it somewhere.” 


Meanwhile, the U.S. tiptoes ahead. In the nation 
that gave it birth, nuclear power may get its 
second wind in a mowed field outside the quiet 
town of Port Gibson, Mississippi. The field, close 
by a reactor that has been operating since 1985, 
is part of the Grand Gulf Nuclear Station, owned 
by a subsidiary of Entergy Corporation, the fourth 
largest electricity producer in the U.S. 


BABU, REUTERS/CORBIS 


Entergy hopes to fire up a new nuke here by 
2015. First, General Electric (GE) and Westing- 
house, the nation’s only reactor makers, must 
finish detailed designs for machines they've been 
promoting as more foolproof and easier to oper- 
ate than those they built decades ago. Formal 
license applications could be filed by 2008. 
Federal regulators might chew on them until 2010. 

To expedite the process, Entergy organized a 
consortium in 2004 of nine utility companies 
plus GE and Westinghouse. The consortium, 
named NuStart, hopes to test new Nuclear Reg- 
ulatory Commission procedures that will grant 
a combined construction and operating license 
to avoid the interminable hearings of the 1960s 
and °70s. 

Only then, if GE, Westinghouse, or both, get 
approval, will Entergy and other NuStart mem- 
bers decide on actual orders. Construction would 
take four to five years. 

That’s if there’s money. Congress last year 
passed an energy bill that guarantees loans made 
by investors and includes a subsidy of up to six 
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White steel casks hold spent fuel from Minnesota’s Prairie Island nuclear reactors. Each of the 
nation’s 103 power-generating reactors annually produces tons of radioactive debris that must be 
stored—and secured from terrorists. Future reactors may recycle spent fuel and reduce waste. 
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MAKING THE CASE 


Earth’s electricity consumption is expected 
to double in the next 25 years, Natural gas 
and coal, the biggest CO, producer, will meet 
most of the demand. For nuclear power to 
replace them, nations would have to build 
thousands of expensive reactors. Even indus- 
try advocates like Adrian Heymer of the 
Nuclear Energy Institute concede that won't 
happen: “Meeting future energy needs will 
require many types of fuels. Nuclear needs 
to be part of the mix.” 
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billion dollars for running the first new plants. 
But the industry insists that it can’t get private 
financing for construction of the plants without 
government loan guarantees, Environmentalists 
like Speth consider the nuclear industry mature 
enough to sink or swim without federal assis- 
tance—and with vigilant regulation. 

Everyone in the business knows financial woes 
helped torpedo the first wave of atomic ambition 
four decades ago. Next to the vacant, waiting 
Grand Gulf field is an unfinished concrete silo 
that stares at the sky like an empty eye socket. It 
was to be the containment structure for a twin to 
the reactor there today. But just before Christmas 
1979, staggered by construction costs, Entergy 
(then called Middle South Utilities) pulled the 
plug on the second silo. 

Even so, the one reactor that was completed 
drained the company coffers. In 1984 it feared 
it wouldn't be able to make payroll. “We had the 
bankruptcy lawyers all lined up,” says Randy 
Hutchinson, an Entergy senior vice president. 
American banks turned their backs, Only a high- 
interest loan from a consortium of European 
banks kept the company afloat. 


In the long run, even nuclear advocates agree that 
the best hope for the future lies in new designs 
for reactors. In two or three decades the indus- 
try could see generation IV machines that run 
more efficiently at much higher temperatures, 
thus getting far more energy from their starting 
load of uranium. The intense nuclear reactions 
at such temperatures would leave waste that, 
compared to today’s, is less toxic and lasts for a 
shorter period of time. Advanced reactors would 
have simpler safety features and require less 
sophisticated backup systems. They could cool 
themselves down in the event of an accident with 
little human intervention, making them less 
tempting targets for terrorists. 

Last year’s energy bill authorized 1.25 billion 
dollars for the Department of Energy’s Idaho 
National Laboratory to build an experimental, 
high-temperature, helium-gas-cooled reactor 
specifically to learn how efficiently such a thing 
can produce both electricity and—no small 


®\ Future Power Do the benefits of nuclear energy 
outweigh the risks? Vote in our poll. Then find out 
how energy efficient your house is in an interactive 
game at ngm.com/0604. 
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extra—hydrogen gas, which could be used as 
vehicle fuel. 

For now, however, the most ardent pro-nuke 
advocates can’t argue with a worst-case scenario. 
A major release of radiation such as from 
Chernobyl in 1986; a terrorist attack that 
somehow penetrated elaborate security and 
steel-reinforced walls to purloin fuel or release 
a cloud of radiation; diversion of weapons-grade 
uranium or plutonium to rogue nations or crim- 
inal groups—all have visceral impact far beyond 
the pollution, coal-mine accidents, and climate- 
altering emissions of fossil fuel plants. In a 
speech at Grand Gulf, Gary Taylor, head of 
Entergy’s nuclear division, stressed the hazard 
to both the public and the industry if a reactor 
should go seriously wrong. “We have 40 years 


Laborers carry the fuel that keeps China’s econo- 
my booming: Coal provides 80 percent of China’s 
electricity. Even with plans for dozens of new nu- 
clear reactors, China, like much of the world, will 
rely on CO,-generating coal well into the future. 


BOB SACHA, 


in an industry that has proved itself to be safe 
—and I mean safe. Nukes haven’t made news 
lately, but with just one major accident...” he 
snapped his fingers. “Everything we have worked 
for could die, just like that.” 

In the meantime, fields like the one at Grand 
Gulf lie untouched. Can a new nuclear era even 
get started? Nearby residents are eager to see 
action. National polls show a rising acceptance 
of nuclear energy, with some showing as high 
as 59 percent in favor. Port Gibson’s mayor and 
board of aldermen endorse a new reactor for 
the boost its taxes would give local schools and 
other institutions. 

Does anyone in town consider Grand Gulf’s 
lone operating nuke a menace? Michael Herrin, 
pastor of Port Gibson’s First Presbyterian 
Church, its tall spire topped by a golden hand 
pointing skyward, answers: “People from the 
plant speak at local meetings. We know the cloud 
of steam that comes from the cooling tower 
isn’t radioactive. In this town, the dragon is 
unemployment. Entergy is the hero.” O 
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Z A speedboat traces the old curves of Utah’s Reflection Canyon, a branch of Glen Canyon. Both 
were flooded by Lake Powell after the Colorado River was dammed in 1963. In recent years scant 
snowfall has caused the lake to drop more than 100 feet, exposing a white ring left by high water. 











The ghostly arms of cottonwoods emerge from Halls Creek Bay (left), and water again spills through 





Cathedral in the Desert, uncovered as Lake Powell hit its lowest point since 1969. 





Desert varnishes streaked the sheer walls 
and soon began painting over the lake 


bleached bathtub ring left by high water. 





The elements texture formations along the shrinking lake (clockwise from above): Receding water 
left a rippled sand dune near Clear Creek off the Escalante River. On Tapestry Wall at Warm 
Springs Canyon, iron and manganese from windblown dust created a patina called desert varnish. 


Reflections of red rock and azure sky pattern the flow in Willow Creek. And a triangular flake of 


weathered rock as wide as a billboard makes its mark on a canyon wall along Fiftymile Creek. 





BY DANIEL GLICK 


PHOTOGRAPHS BY MICHAEL MELFORD 


A year ago Lake Powell reached its lowest level 
since Jimi Hendrix played Woodstock and Neil 
Armstrong made his giant leap onto the moon. A 
sustained drought had sucked out two-thirds of its water, 
exposing 140 vertical feet of once drowned cliffs. The dry 


spell temporarily turned the great reservoir back into a red-rock 


maze called Glen Canyon, stirring hopes that 
terrain whose grandeur rivals any on Earth may 
one day be revealed for good. 

It also resurrected Tom McCourt’s childhood. 

McCourt holds forth on a newly exposed rock 
outcrop near the shrunken lake and reminisces 
about what was here 40 years ago: two small set- 
tlements flanking a vast floodplain cleaved by 
the Colorado River’s milk-chocolate waters and 
guarded by fortress cliffs. His grandparents lived 
on this east side, in the town of White Canyon, 
before it was slowly inundated by the reservoir. 

As a kid, he’d come regularly to visit, and he 
recalls the country as harsh and bountiful. “My 
grandfather told me it got so hot down here that 
the ravens left contrails because their feathers 
were smoking,” McCourt says, a storyteller’s glint 
in his eye. “The soil was so rich we couldn't grow 
watermelons, because the vines would grow so 
fast they'd drag the melons across the garden and 
wear them out before they could ripen.” 

On this early spring day, visitors representing 
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three generations of two families with ties to White 
Canyon gather and bear witness to its unveiling. 
The water hasn’t dropped enough to reveal the 
old landing strip or the site of McCourt’s grand- 
parents’ house, but it’s fallen more than enough 
to stir personal and collective memories. 
McCourt’s entourage includes his cousin 
Janis York, who lived here with her parents 
until she was five. York shyly approaches, moved 
to tears by swirling childhood memories. She 
used to sit on a hill behind her grandparents’ 
house and pretend she was queen of the land. 
“There were rocks that sparkled,” she recalls— 
bits of glittering fool’s gold. “I used to call them 
my little jewels.” After her family left and the 
waters rose, she says, “I was brokenhearted.” 
York gazes out over the canyon and the years. 
“This is the heart of the whole world,” she says. “I 
remember telling my jewels I'd be back some day.” 
After Glen Canyon Dam closed its gates on 
the Colorado River near Page, Arizona, in 1963, 
the river’s cargo of snowmelt and spring rain, 





2005 


Ruins as benchmark: In 1994 winter snowmelt kept Lake Powell at the 
doorstep of Defiance House, a 13th-century shelter built by the Anasazi 
people. They eventually abandoned the area, perhaps during a long dry 
spell. Drought has once again left the same shore high and dry. 


gathered from much of the mountain West, hit 
the dam's concrete stopper and began to back up. 
The rising waters slowly transformed the lower 
reaches of the intricate, thousand-hued Glen 
Canyon into a monolithic blue-green reservoir, 
the country’s second largest after Lake Mead, 
farther down the Colorado. 

Aided by Lake Powell’s aqueous bounty, Little 
League fields sprouted in Las Vegas, subdivisions 
multiplied in Los Angeles, golf courses carpeted 
Phoenix. As the reservoir waters rose, Glen Canyon 
drowned. This remote heart of the Colorado 


Plateau, dubbed “the place no one knew” in 
photographer Eliot Porter’s ode to this lost land- 
scape, gurgled underwater. 

In unknown Glen Canyon’s stead emerged 
the enormously popular Glen Canyon National 
Recreation Area—which quickly became a 
mecca for millions of houseboaters, water-skiers, 
and striped bass fishermen taking advantage of 
this watery miracle in the desert. 

Then came the sustained drought that ushered 
in the 21st century, one of the region’s periodic 
dry spells. For five years clouds yielded little 
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Half full or half empty? Some conservationists want Lake Powell to be completely drained, allowing 











plants and wildlife to thrive throughout a restored Glen Canyon. 








In the mid-1800s explorer 

John Wesley Powell named Glen 
Canyon for its “glens, alcove 
gulches, mounds, and monuments.” 


A century later a lake named for coin spo | 

Powell swamped the canyon to NEW = 
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ation for today’s Westerners. “Glen neg) 

Canyon was alive. Lake Powell is a 

graveyard,” wrote Edward Abbey, one 

of many conservationists who fought wee 


Glen Canyon Dam, which created the 


186-mile-long reservoir. Popular with 
boaters, the lake loses vast amounts 


of water to seepage and evaporation. 


Since 1999, when the lake was just 
below full pool, drought has also 
sapped it, and by last April it was 
down to a third of capacity. 
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3,708 ft (1,130 m) 
Lake Powell at its 
peak, July 14, 1983 
{8 feet above full pool) 







3,556 ft (1,084 m) 
Lake Powel on April 
2005 (145 feet below 
full pool) 


‘Colorado River 
channel 





moisture, even as the West continued to drink 
greedily. The Colorado River, lifeblood for seven 
states, dwindled, Lake Mead and Lake Powell, the 
river's massive catch basins, shriveled. No amount 
of hydro-engineering, cloud seeding, flow regu- 
lating, or other manipulation could change a 
simple fact: Not enough water was falling from 
the sky to keep the West’s reservoirs full. Not with 
the increasing number of straws sucking upstream 
water to irrigate alfalfa fields, fill swimming pools, 
and sprinkle suburban bluegrass expanses. 

Lake Powell’s loss was and is Glen Canyon’s 
unmistakable gain. People who were lucky 
enough to get a glimpse of Glen Canyon when 
they were young flocked to see it again, as if 
offered the chance to visit, after 40 years, a first 
love who had abruptly moved away. People who 
had only known the canyon through photos and 
descriptions—by John Wesley Powell, Wallace 
Stegner, Katie Lee, Eliot Porter, David Brower, 
and Edward Abbey—hurried for a first look. 

The ancient Navajo sandstone itself shook off 
the water as easily as a dog emerging from a 
swimming pool. At an average rate of an inch a 
day, a lost sculpture garden of rock resurfaced, 
miraculously intact. 

The uncovered slickrock sandstone told its 
astounding life story: of Sahara-size sand dunes 
marching across the landscape 190 million years 
ago; of three-toed dinosaurs that left tracks in 





Exposed in March 2005, Fort Moqui, a 12th- 
century Anasazi ruin, was soon submerged 
again by the highest spring runoff in five years. 
If this year is dry, the ruin may reappear. 


damp spots between the dunes; of deep burial that 
slowly squeezed sand and mud into rock; of epic 
uplifts and tectonic shifts; of water and wind that 
carved slot canyons hundreds of feet deep. 

Layers of human history saw the light again 
too: thousand-year-old petroglyph panels and cave 
dwellings of the Anasazi; artifacts from Navajo 
settlements; inscriptions left by 19th-century 
Mormon pioneers; equipment from uranium 
miners’ camps of the 1950s; sunken boats and even 
a lost airplane of more recent vintage. 

Desert varnishes, mineral-rich dust transformed 
by microbes and moisture, soon streaked the 
canyon walls. Vermilion, rust, beige, taupe, slate, 
maroon, cocoa, coffee, pale orange, and peach, 
they began painting over the lake-bleached 
bathtub ring left by high water. Streams rippled 
anew in the side canyons that branch out like 
arteries from the main stem of the Colorado to 
distribute life—maidenhair ferns and coyote 
willow, soft-stem bulrushes and golden sedges— 
in this arid land. 

There was little soul-searching when Congress 
voted to euthanize this hidden world back in 
1956, when Ike was President, the country was 
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Two-toned cliffs near Clear Creek canyon along the Escalante River—a major tributary of Lake Powell. 





display pale calcite deposits left by water that once lapped the rock. 





Layers of human history saw the light 
again too: thousand-year-old petroglyph_ 

panels and cave dwellings of the ‘Anasazi, 
and artifacts from Navajo settlements. 


poised to pave interstates coast-to-coast, and 


Sputnik was but a year away. Today, the fall of 


the lake has driven a rising debate about its 
future. Many scientists think Western droughts 
will intensify as the Earth’s climate warms. 
Water will become even more precious—and 
reservoirs, which lose vast amounts through 
evaporation, will seem intolerably wasteful. 
Better, say many environmentalists, to exploit 
new technologies for storing water underground, 
decommission the dam, and let Lake Powell once 
again be Glen Canyon. 

There's little chance of that for now. Lake 
Powell, however diminished, plays too important 
a role in the West's water supply, and its removal 
would mean rewriting complex water laws at a 
time of massive population growth. But even 
though slightly above-average runoff in the spring 
of 2005 raised the lake 53 feet from that year’s 
historic lows, managers expect it to drop again, 
to perhaps 108 feet below full pool by this month. 
Another sustained dry spell would push the lake 
to new lows. And in the very long run, nature will 
defeat the dam. Over the centuries, Lake Powell 
will ultimately fill up with silt. 


GG et me get a little less disoriented here,” 
says Bill Wolverton as he scrambles up 

a slickrock tower to gaze into Twilight 

Canyon. Wolverton, 57, has roamed this Glen 
Canyon backcountry for a quarter century, first 
as a furloughed railroad worker with time on 
his hands and a love of the desert, and for the 
past 18 years as a seasonal backcountry ranger 
and an ardent advocate for the canyon. On his 
days off he walks me up and down a half dozen 
remote canyons, observing what the reservoir 
wrought and the drought incrementally reversed. 
In the lower reaches of each canyon, by the lake, 
we sink into giant pillows of sediment, deposited 
over the decades since high water flooded the 
canyon and stripped the banks of life. Wolverton 
calls this vegetation-free carpet of stinking mud 
the “death zone.” At one point | am in it up to my 
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knees and elbows when solid-looking ground 
turns out to be quicksand, 

Here gnarled gray hundred-year-old cotton- 
wood branches beckon like skeletal hands from 
the mud. Detritus from boating trips—an anchor, 
the handle from a water-ski towrope, a swim fin— 
rests forlorn in the sandbars. Fishing line trails 
from broken rods tangled in driftwood. 

The reservoir’s drop of 140 feet, stretched over 
the gentle gradient of a side canyon, can mean 
that two or three miles of terrain have been slow- 
ly unveiled over the past six years. By last spring 
more than 100 square miles of canyons had seen 
air for the first time in decades. We slither up one 
of Twilight Canyon’s tributaries, a magnificent 
narrow slot that requires gymnastic moves to 
explore. Seeing it for the first time delights 
Wolverton, and he doesn’t hide his desire that 
the waters keep receding. “It’s knowing that places 
this special are underwater that makes me want 
the reservoir gone,” he says. 

The farther we hike from Lake Powell, the more 
signs of life reappear. Less than half a mile from 
the water, frontier willow colonies and tiny reeds 
clothe the banks, along with a host of invasive 
species. Tamarisk, tumbleweeds, and cheatgrass, 
all aliens, have seized an unnatural advantage, 
battling with the natives for the new territory. 
Farther upstream, spring floods since the lake 
receded have blasted a channel into the sediment, 
uncovering the bedrock and exposing swirling 
patterns on the sandstone canvas. 

A mile or so up from the reservoir’s edge, the 
canyon feels like it is breathing again. The 
descending plaintive warble of canyon wrens, 
which Wolverton describes as the “call you can 
hardly forget,” echoes off salmon-hued walls. Six- 
foot cottonwood saplings with fresh, electric 
green leaves sprout in the shadow of drowned, 
hulking snags. Cattails, horsetails, and black 
willows are revegetating the stream banks. On 
benches above the streambed, yellow and pink 
blooms of prickly pear cactus herald the spring. 
Gardens of monkey flower and cave primrose 








take tenuous hold in aired-out alcoves wet from 
seeps. Gambel oaks and box elders cluster above 


the high-water mark. We are struck by wafts of 


desert flower perfume, of sage aroma awakened 
by the sun, of moist sand and earthy oak and 
fleshy cottonwood bark. 

“This dam won't work forever,” Wolverton 
says, and he shows me why. We hike to the con- 
fluence of Coyote Creek and the Escalante River, 
a tributary of the Colorado. Where the clear 
water washing down Coyote Gulch meets the 
pea green water of the Escalante, we stare at a 
steady underwater parade of pebbles, sand, and 
silt moving downstream. “Building a dam across 
sediment-laden rivers is like driving your car 
without ever changing the oil filter,” he says. 
Sooner or later the marching sediment will have 
its day. “There’s the answer right there,” he says, 
pointing to the gravel on the march. “It’s inex- 
orable. This is the land of erosion.” 


erhaps it all comes down to this place: 
a waterfall in a most unlikely location, a 
hidden cavern of mystical proportions 
aptly called Cathedral in the Desert. I arrive here 
alone by boat, following a sinewy side canyon, 
new desert varnish on its steep walls and the 
chalky white bathtub ring nearly gone. The 
water is green, deep, still. The walls close in, the 
canyon narrows. Rounding one last turn, I eye 


Near Bullfrog Marina, a runabout that may 
have caught fire and sank lies marooned on the 
dry lake bed. Nearly two million annual visitors, 
mostly boaters, still flock to the shrunken lake. 


a beach, cut the motor, and glide silently to shore. 

Ahead, the canyon walls curve, rising hundreds 
of feet above me, overhanging to form a giant 
cavern, once drowned by Lake Powell. The water- 
fall drops 50 feet, bounding, bouncing, pulsing. 
It has left a splash of dark green on the wall. 
Water was at work here long before the dam and 
the reservoir, wearing a notch in the rock that 
now guides the stream the way a halved section 
of bamboo pipe funnels water in a Japanese 
garden. The cascade sounds eerily like the low 
murmur of a room full of people. Three hundred 
feet above, an opening frames a boomerang- 
shaped sliver of sky. 

As | write this, the waters have risen again and 
put the waterfall at least temporarily back in the 
bottle. Somewhere, though, a canyon wren still 
warbles its haunting song. The warm desert win 
rushes over the slickrock. Pebbles march toward 
the sea. And Glen Canyon abides. 0 








® Red Rock Country Download the glories of Glen 
Canyon to your desktop, view a photo gallery with 
pointers from photographer Michael Melford, and 
get travel tips at ngm.com/0604. 
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Venezuela looks more and more like a one-man show, conceived and narrated 
by President Hugo Chavez. After seven years in office, his measures to lift the 
poor have achieved only limited success, and his opponents seem paralyzed. 
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Every Sunday Hugo Chavez 
hosts A/o Presidente, a television 
talk show—often hours long— 
extolling his socialist revolution. 
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Slums like Barrio Esperanza ring the high-rise prosperity of the capital, Caracas. More 
than half of Venezuelans live in poverty, and the number of poor has grown since 
Chavez took office in 1999. But free health care and food from government-subsidized 
stores are easing some of their burdens—and propping up Chavez's popularity ratings. 
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PARTY OF PRIVILEGE 





Club-hoppers in Caracas’‘s elegant Las Mercedes section rub shoulders with elites like 
TV personality Amara Barroeta, at left. Latin America observer Barry Lynn has called 

the concentration of Venezuelan power and wealth in the hands of a few “one of the 

longest running fiestas of the 20th century.” Chavez vows to break their grip. 
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BY ALMA GUILLERMOPRIETO 


PHOTOGRAPHS BY MEREDITH DAVENPORT 


The best way to understand the spell the presi- 
dent of Venezuela casts over his fellow citizens 
is to do as they do every Sunday morning at 
eleven and settle down in front of the television 
in a favorite chair, with a good provision of 
drinks and sandwich ingredients, for a broad- 
cast of Ald Presidente, Hugo Chavez’s weekly tele- 
vised communion with his country. 

I watched Al6 Presidente on the Sunday after 
the government took over a lush, well-managed 
cattle ranch in Chavez’s home state of Barinas. 


Tongues wagged when it became known that in 


a long-ago interview Chavez had said that his 
grandfather had lived on this 20,000-acre ranch, 
La Marquesena, and had tried for years to get 
the legal deed. But the Agriculture Ministry 
explained that La Marquesena was being taken 
over only because too much of its land lay idle, 
and because the owner, whose father had bought 
the property in 1949, could provide land titles 
from the colonial period but not for 1821—the 
year Sim6n Bolivar freed Venezuela from Spain. 

As it happened, I'd visited La Marquesena 
on the day of the government takeover. In the 
shade of saman and ceiba trees, workers who 
had been locked out since the day before put 
ona soup kettle and, eyeing the troops guard- 
ing the grounds, wondered if they would be 
allowed back in. They told me they considered 
the owner, Carlos Azptirua, to be an excellent 
land manager. “It’s false that we’re exploited 
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here,” one of them said. “It’s the only cattle con- 
cern around these parts where the owner lets 
you do your work without breathing down 
your neck all the time.” 

Another chimed in: “On payday they never 
say, ‘We can’t pay you because we're broke?” On 
the whole, Azptirua was considered a fair man. 

On the day of this particular Alé Presidente 
broadcast, the owner, having fought a long and 
unsuccessful legal battle against the takeover, 
was refusing to vacate the premises, but Chavez 
moved in nevertheless, with camera crews and 
musicians and admirers from around the world, 
to announce from this spot the beginning of a 
reinforced land reform campaign. 

The weather was calm, the view of the green 
land was exquisite, and the president was in a 
happy mood. “What a pretty woods this is! What 
fertile land, what good land! What a beautiful 


ROLE MODELS Flanked by portraits of his heroes—leftist icon Che Guevara and Hugo Chavez 


—activist Humberto “Che” Lopez helps guide fam 


's through the maze of new government 


welfare programs, and has led other partisans in attacks on Chavez's opponents. 


landscape that dawned this morning here in the 
savanna!” he said, greeting television view 


and also a local audience of perhaps a hundred 
people that included his father, who is th 


governor of Barinas. Possibly intoning a poem 
of his own, he continued, “This is where the 
immense Andean mountains embrace and ki 
the infinite Venezuelan plain!” 

Dressed in a dark green shirt that looked 
military, at ease in the steaming heat, Chavez 
addressed the camera without interruption for 
the next six hours. First-time viewers of Alé Pre- 

dente might think that he rambles, even tends 
toward the delirious, but in fact he never loses 
sight of the central message. His warm-up on this 


occasion was typical: “W > must 
ing Don Quixote’s maxim, is, ‘If the dogs are bark- 
ing at us, it is because we are galloping. ... And 
let us gallop, as Christ said. I think I am more 
and now I’ve got Fidel on 
n when it comes 
to social concerns.” Fidel Castro, who is his men- 
tor and best friend. 

The monologue segued to history lessons— 
Chavez has admirable command of the military 
exploits of Sim6n Bolivar, the “liberator of the 
Americas,” who is his greatest hero—plus a bit 
of audience participation, and a couple o 
videos. There was also a brief account of the 
progress being made in the oil sector by the 
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state-owned corporation Petréleos de Venezuela 
(PDVSA). He used figures previous PDVSA 
managers would no doubt dispute. 

But between meanderings, Chavez returned, 
time and again, to the same point: Large land- 
holders should reconcile themselves to the fact 
that much of their land will be taken over— 


because there will be no turning back. “I appeal 
to those people who say they are owners of great 
expanses of land to accept a reality and not to let 
somebody ... fill their hearts with hatred, or the 
hearts of their relatives, their children, their fam- 
ilies, their friends. Because the usual suspects, 
the lackeys of imperialism who own television 
stations here, who own newspapers, who have 
radio stations . . . are trying to use this moment 
to try to take us again to a situation of open con- 
flict... so that they can ask again, as they have 
before, for the intervention of peacemakers from 
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North America. And now that the United 
Nations talks about the right to protect and the 
right to reconstruct countries—well, that fits 
their purpose like a glove.” 

There was more talk about Bolivar and about 
Chavez's beloved grandmother Rosa Inés and the 
stories she had told him of his grandfather at 
La Marquesena, and his own memories of the 
ranch when he was a young army officer sta- 
tioned nearby. Chavez made a friendly appeal 
to its owner, Azptirua (“a decent man”), to stay 
calm. There were any number of plans and pro- 
grams announced for the ranch and other 
ranches to be confiscated soon: a training center 
for cattle breeding, agribusiness and model vil- 
lages for the campesinos, coffee and cacao plan- 
tations in a forest on the premises (part of the 
ranch is a government wildlife preserve). There 
was even an acknowledgment that, given the 
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FUELING THE REVOLUTION Thousands of oil wells dot Lake Maracaibo (left), and the bulk 
of Venezuela's petroleum exports pass through its channel to the sea, Production of roughly 
three million barrels of oil a day nationwide generates about half the government's annual 
revenue—the primary source of funding for the Chavez social agenda. 


turmoil of the wars of independence and the 
internecine civil wars of the 19th century, few 
people in the countryside were actually in pos- 
session of proper title to their land. 

Then there was a definitive, explicit statement: 
“Tf someone doesn’t want [to reach an agree- 
ment with us], he can go to the courts, but we're 
going to ask you for all the [documents] from 
1821, and if [the property] wasn’t registered in 
1821....” Here Chavez made the sound of a 
piece of paper being torn in half. But what 
Chavez demands doesn’t exist: The fledgling 
government didn’t get around to issuing titles 
until decades later. 


Six hours after he joyfully greeted the 
Venezuelan people, an obviously happy Chavez 
called Alé Presidente a wrap. As the cameras 
pulled away to show the fertile grasslands of La 
Marquesena, he strolled over to where a quar- 
tet of local musicians was waiting to perform 
the lyrical, lilting music of the Venezuelan 
savanna and joined them in song. 


ast September I spent a day in the com- 
pany of a young woman, Trinidad Ramirez, 
from a poor barrio in Caracas, talking 
about her neighborhood, her life, and the pres- 
ident of her nation. Her barrio, La Vega, is one 
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Painstakingly filling her notebook, 69-year-old Candida Rumbo 
(below) is one of 1.2 million adults who have learned to read and 
write at new schools. Beneficiary of generous shipments of 
Venezuelan oil at below-market rates, Fidel Castro has sent 
Cuban doctors to staff clinics (above) serving communities that 
had no access to health care. Chavez's opponents decry Castro's 
doctors as communist propagandists, yet the government re- 
ported that in two years the Cubans saved more than 2,500 lives. 
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of the hundreds of poor areas that occupy the 
steep hillsides ringing the Caracas valley. Across 
it, the prominence of Monte Avila can be seen 
from some angles, and, in its shade, some of the 
pricier real estate in the prosperous capital of 
Venezuela. Due north, hidden from view by the 
Avila, lie the clear waters of the Caribbean. 
Below are the shimmering office buildings of 
the business district. Once, these hillsides were 
lush, but that was decades before millions of 
dirt-poor campesinos from inland areas began 
their long migration to the capital, looking for 
modernity and the prosperous life. The greater 
part of Caracas’s estimated 3.2 million people 
live on these now stripped inclines, and only a 
few twisting, potholed roads, linked to an 
intricate web of steep footpaths, connect the 
precipitous alleyways where bare-brick older 
dwellings and newer cardboard and tin shacks 
are pitched against each other at an impossible 
angle to the hills. 

Instead of public transportation in the upper 
reaches of Caracas there are quite a number of 
privately owned rattletrap buses, and many more 
astoundingly decrepit jeeps, which for a few pen- 
nies will allow a dozen unfortunate passengers 
to wedge themselves onto low wooden benches 
nailed to the floor behind the driver's seat and 
hold on for dear life. I sat in one of these vehi- 
cles with Ramirez, hitting my head against the 
roof at every bounce, and tried to concentrate 
on what she was saying about Hugo Chavez, the 
army man who in 1992 attempted to stage a 
coup against the elected president of his coun- 
try, and then went on to win the presidency him- 
self, by a landslide, in 1998. 

Seven years later, Chavez, 51, is more in con- 
trol than ever—and Ramirez was experiencing 
moral conflict. She had been brought up in the 
fold of a progressive Catholic church, which has 
had an ongoing, and effective, educational mis- 
sion in La Vega for many years, and she has been 
involved in community work since adolescence, 
tutoring children from the poorest homes in the 
barrio who have such trouble behaving that they 
cannot stay in school. The words “community” 
and “solidarity” have been deeply meaningful to 
her since long before Chavez came on the scene, 
but now, she said, here was Chavez, making his 
enormous presence felt in La Vega with his 
Bolivarian Revolution and his own solidarity pro- 
grams and his big budgets and his community 


projects (known also as misiénes), seemingly for 
every need: medical misiénes staffed round the 
clock with Cuban doctors, sports misiénes for 
the kids, supermarket misiénes for all the poor, 
where they can buy food at cost. 

As if she were still struggling with the issue, 
she said that she could not approve of the Cha- 
vistas’ radicalized view of society, in which the 
rich are evil, the poor are sainted, and those who 
disagree with the president are enemies, Nor was 
she sure that Hugo Chavez could be called a 
democrat. For these reasons, many of her friends 
in La Vega were less than wild about him. “But 
I’m a Chavista,” she said at last, and it was easy 
to see why. She had so many more opportunities 
now. All her life she had practiced folkloric dance 
and had longed for a formal education, and now 


“Con Chavez tengo mi lugar— 
With Chavez I have a place 
where | belong. Before, 
we, the poor, were nothing. 
Now we are recognized.” 


here she was coordinating a misién cultura, which 
encouraged young people in La Vega to form 
community folk dance and music groups. Thanks 
to another misi6n, she was working toward a col- 
lege equivalency degree and receiving a monthly 
stipend in addition to the training. More impor- 
tant than that—much more important—she 
said, “Con Chavez tengo mi lugar—With Chavez 
I have a place where I belong. Before, we, the 
poor, were nothing. Now we are recognized.” 
How could she deny the excitement and loyalty 
that made her feel? 


S o the conquest of the poor by Hugo 


Chavez has progressed year after year, 

although his opposition at home and 
abroad would no doubt like to tell Ramirez that 
the changes in her own life are the result of prof- 
ligate squandering of oil money on short-term 
fixes for deep-rooted problems, that the presi- 
dent will be respectful and considerate of her 
needs and opinions only as long as those opin- 
ions favor him, and that Venezuela’s leader is 
playing a dangerous game of brinkmanship with 
the world at large. These are only dire predic- 
tions for a distant future, whereas Chavez's offer 
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Families in Santa Rosa de Agua harvest shrimp from Lake Maracaibo—when they 
can. Rapid growth of an invasive plant (Lemna obscura) in waters made nutrient-rich 
by raw sewage, farm fertilizer, and petrochemical pollutants has fouled boat engines, 
clogged nets, and choked off livelihoods. 
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of help for people in urgent need is for right now. 

With the support of millions of Venezuelans 
like Trinidad Ramirez, Chavez, the hallucinatory 
speaker, has gone from freak to phenomenon— 
an overwhelming figure who will cast a long 
shadow over Latin American politics for many 
years to come. How did that happen? 

Certainly, the skinny backwoods kid who 
joined the military, he has often said, as a way 
to get to Caracas to play baseball in the big 
leagues did not look promising when he first 
took a handful of confused leftish political 
notions and knotted them into a plot to stage a 
coup, but he was helped immensely by his coun- 
try’s history. Following a long series of military 
dictatorships that had poisoned its political life 
since declaring independence from the Spanish 
crown in 1811, Venezuela had evolved into Latin 
America’s most stable democracy, as it liked to 
boast to the world. (Although some might have 
pointed out that Costa Rica, say, had gone 
considerably farther along that road, and with- 
out the benefit of the oil gusher that fueled 
Venezuela’s roaring economy.) 

Starting with the overthrow of Gen. Marcos 
Pérez Jiménez, last of the military dictators, in 
1958, Venezuela undertook the construction of 
something like a welfare state; some give credit 
to Pérez Jiménez himself for starting the pro- 
cess. Although tremendous problems of social 
inequality were not addressed, and racial prej- 
udice continued to take its toll on social mobil- 
ity (Chavez, who has a typical mixture of Spanish, 
African, and Amerindian blood, is still regularly 
described as “that half-breed” among the upper 
classes), in that time Venezuela was transformed 
from a country with an impoverished, mostly 
rural, population of seven million to one of the 
healthiest nations in Latin America, with a life 
expectancy of 74 and an outstanding literacy 
rate among a people nevertheless condemned 
to live largely in the barrios. 

But when world oil prices sank, as they do 
periodically, and the rate of growth of the popu- 
lation outstripped the government's investment 
in health, education, and public works, Venezue- 
lans lost their trust in a government that belonged 
largely to the elites. Carlos Andrés Pérez, a pres- 
ident who ruled lavishly during the 1970s oil 
boom—and, it would seem, to his own lavish 
profit as well—was reelected in 1988, in the midst 
of a severe economic crisis, on the strength of 
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GREAT PLAINS 
Off-road 4x4 tracks 
cut across the west- 
ern state of Apure, 
part of a 70-million- 
acre mix of forest 
and savanna known 
as the /lanos. Con- 
servationists call for 
this vital ecosystem 
to be protected, but 
Chavez supports 
land redistribution 
and agriculture in 
such areas, in part 
to achieve food 
independence for 
Venezuela, which 
now imports nearly 
three-fourths of 

its food. 





people's faith that he could bring the good times 
back. What he did instead, in February 1989, was 
announce a package of stern economic measures 
that included an immediate increase in public 
transport fares. The first riots in Venezuela's mod- 
ern history followed. Hundreds were killed when 
the president ordered out troops to fire on the 
people, something that had not occurred since 
the days of dictatorship, and Venezuelans felt they 
no longer recognized their own country. 

Three years later, Hugo Chavez, by then a 
loquacious and single-minded lieutenant colonel 
with a significant following in the officer corps, 
tried to topple Carlos Andrés Pérez in a coup. 
The coup failed, but history was made. Chavez 
was thin and well behaved then, in a way that 
brought out many women’s mothering instincts, 
and possessed of an emotional intensity that 
coursed like lightning through the exhausted 





political scene. He did two years’ prison time and 
left the army on his release, well-known to just 
about anyone who had turned on the television 
during the hours of his uprising. At election time 
in 1998, voters would remember not the hothead 
who had sought to destroy an elected govern- 
ment through force but the fiery upstart with 
proud military bearing who had promised to 
overturn a corrupt and tired system. With no 
political base of his own and a brand-new party, 

ivez beat his opponent by a margin of more 


than 15 percent. Not even his supporters under- 
stood then what they had set in motion. 

In the intervening years, Chavez has actively 
involved himself with every aspect of his nation’s 


life. He decides where to place an agricultural 
cooperative on the overtaken cattle ranch and 
what produce will be grown there, how to 
allocate foreign currency reserves, and what 


construction projects get priority in the hous- 
ing ministry. He announces these changes on 
the weekly television program and then impro- 
vises a few more. Voters who have already given 
him three strong electoral victories feel passion- 

bout the man they ‘ace-to-face 
simply as “Chavez.” The opposition’s feelings 
about him are, if anything, even stronger. Many 
analysts say he has radicalized and divided the 
citizenry. On the other hand, vez’s follow- 
ers believe that he has revealed, and refused to 
accept, the real divisions in Venezuela. 


y of the most dramatic changes in the 

since Hugo Chavez came to 

power were signed into law in the Capi- 

tolio, a grand 19th-century compound in the cen- 
ter of Caracas where the National Assembly—the 
legislative branch—holds session. A couple of 
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SHOW OF PRIDE 





Cockfights and beer keep the crowd happy at the yearly patron saint's day celebration 
in Elorza, a small town on the Arauca River near the Colombian border. Elorza’s 
mayor proudly tells visitors that Chavez—a Venezuelan military academy graduate 
who served part of his 17-year army career here—often returns for the festival. 
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HOMEGROWN CULTURE 
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El Camino a la Fama, or Path to Fame, Venezuela's version of 
the British hit Pop Idol shares the Televen network's Saturday 
lineup with Baywatch, Fresh Prince of Bel Air, and CSI: Miami. 
New regulations mandate a share of airtime for locally pro- 
duced content. A quarter of songs on radio must be folk music, 
like that played by harpist Edgar Vasquez (below). Increased 
exposure has spurred demand for concerts and recordings fea- 
turing the flutes, maracas, and guitars of Venezuelan tradition. 
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blocks away is the house where Sim6n Bolivar 
was born in 1783. Bolivar, who dreamed of a great 
Pan-American republic, is not just Chavez's hero; 
he appears regularly on altars and shrines in 
Venezuelan homes. Yet in his final years he lived 
in poverty, rejected by the politicians he had 
helped bring to power, who were emerging as 
satraps and petty warlords. Bolivar lamented that 
he had “plowed the seas.” Still, the Capitolio, with 
its classic proportions and its French republi- 
can architecture, remains a symbol of the great 
Andean nation the hero envisioned. 

At his inauguration in 1999, Chavez swore to 
overturn the “moribund” 1961 constitution. Six 
months later, in elections for delegates to his 
Constituent Assembly, members of his party or 
those allied with it won 125 of the 131 seats. The 
assembly’s task was to create a constitution that 
would facilitate Chavez’s concept of democracia 
participativa. But Carlos Correa, a lawyer who 
is the general coordinator of the respected 
human rights organization Provea, is among 
those who are not persuaded by the results. 
“There is a great deal of talk about democracy now, 
but in practice all decisions are concentrated 
in the president's hands, down to his own party’s 
lists of candidates,” Correa said. Even the armed 
forces now answer more directly to Chavez. “In 
the past all high-ranking promotions were 
reviewed by the Senate Armed Services Com- 
mission. Now, by law, they’re reviewed directly 
by the president.” 

The assembly also made it nearly impossible 
for opposition parties to participate in elections 
on equal terms with the sitting candidates, 
because the new constitution removed all pro- 
visions for government funding of electoral cam- 
paigns. In one of the articles of the constitution 
that appears to have been designed expressly for 
Chavez, delegates passed legislation that allows 
presidents to stand for immediate reelection and 
extended the term of office from five to six years. 
(Chavez is the all-but-certain winner of elec- 
tions scheduled for December 2006.) The new 
constitution also reduced the space for dissent 
by replacing the old bicameral Congress with a 
unicameral National Assembly. Their work 
finished, the delegates called presidential, 
municipal, and state elections (in which Hugo 
Chavez was reelected), and elections to the new 
National Assembly, in which Chavistas again 
won a majority. 


But as Correa points out, the institutional 
alterations did not end with the Constituent 
Assembly. He is particularly concerned about 
modifications voted by the Chavista legislators 
that allow new members of the Supreme Court 
to be confirmed by a simple majority. The high 
court is now Chavista, and since the National 
Assembly also appoints all judges, the justice sys- 
tem in Venezuela has become almost entirely 
pro-Chavez. All in all, the result of the new con- 
stitution, Correa said, “has been the greatest 
institutionalized concentration of power in a sin- 
gle man in Venezuela's history.” But there is more 
to come: In elections last December, in which 
nearly all the major opposition parties refused 
to participate, the Chavista parties won all the 
assembly seats, and they are expected to approve 


The middle classes appear 
to be almost unanimous 

in their hatred of him. 
Doctors have marched in 
the street against him. 


Chavez’s call for a new constitutional assembly, 
whose main task will be to allow a president to 
be reelected an indefinite number of times, along 
with another change dear to Chavez’s heart: the 
redesign of the national seal to show Simé6n Boli- 
var’s horse charging leftward. 


uring an assembly session last September, 
D a roiling, deafening tumult was in progress, 

but Iris Varela was one of the few asam- 
bleistas who was not yelling, arguing, and other- 
wise ignoring the assembly president's repeated 
pleas for silence and respect. Varela, one of 
Chavez’s key operators on the assembly floor, 
was instead taking notes, and listening, and talk- 
ing into the chairman’s ear. She is known as 
Comandante Matchhead for her red hair and 
inflammable temper, and after less than a minute 
of conversation I understood the nickname but 
found her hard to dislike—she was so young and 
dead earnest and lively. In a common room 
where we could hear each other, I asked in what 
way she thought that chavismo, with its over- 
whelming majority in the assembly, and its 
weight in the court system and in the media— 
in which the largest circulation by far belongs to 
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a pro-Chavez newspaper, and the president can 
monopolize the airwaves for hours on end—in 
what way, I asked, did chavismo think it could 
best guarantee the rights of the opposition? 

Varela’s eyes flashed. “If there were a patriotic 
opposition,” she began, “they would play a lead- 
ing role. But they are only interested in getting the 
United States to intervene here,” and in plotting 
coups. (A partially successful coup removed 
Chavez from power for three days in 2002.) “They 
don't have sensible proposals to make. They do 
not make the cause of the people their own!” 

I suggested that a member of the opposition 
might legitimately have different sympathies and 
political opinions from a Chavista. “But they don’t 
denounce the right things!” Varela exclaimed. 
“Like corruption—they could take up the flag 
of that noble cause. They never go beyond 
denouncing a scandal, and when that scandal is 
extinguished, they bring on another scandal. 
That’s why we reformed the penal code, so that 
they won't be defaming us with impunity,” she 
said triumphantly. Indeed, the new reform man- 
dates up to five years in jail for crimes by the 
media that range from disrespecting the presi- 
dent to inciting panic—offenses that could at 
whim include unflattering photographs, nasty 
political cartoons, and vaudeville sketches, as far 
as I could tell. 

Varela speaks faster as her indignation mounts, 
and at last I had to ask if she could slow down 
and, pretending for a moment that the opposi- 
tion didn’t exist, simply address the question of 
human rights. Varela smiled and made an effort, 
but within seconds she was at full gallop again, 
denouncing the noted human rights lawyer Car- 
los Ayala, who, on the basis of pitifully slight 
evidence, was being charged with conspiring to 
overthrow the Chavez regime during the 2002 
coup. Varela stated fiercely that, if he had been 
charged, the proof against him must exist. 
(Charges against Ayala have since been dropped, 
but the investigation is still open.) 

Finally I asked what her constituents expected 
from her back in Tachira, a state that borders 
Colombia and has many, and complicated, prob- 
lems, including an incipient drug trade, use 
of its territory by guerrillas, and high immigra- 
tion rates. Varela thought for a moment and an- 
swered, in her fiery way, “Loyalty!” Anything else? 
“Unconditional loyalty, and hard work,” she said. 

As Varela headed back to her assembly 
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session, a photographer I’d met earlier caught 
up with me. “You missed it,” he said with a grin, 
and then he and his colleagues showed me pic- 
tures they'd taken minutes earlier, which showed 
Congressman X, a Chavista, beaning Congress- 
man Y, an oppositionist. 


his too was a novelty of the Chavez era. 
The two parties—one liberal, one conser- 


vative—that ceremoniously rotated power 
between themselves during the entire second 
half of the 20th century made an entrenched 
vice of cronyism and the distribution of privi- 
lege, but congressional fistfights and politics 
as the art of denouncing enemies were not the 
custom before. 

The president of Venezuela has many ene- 
mies—partly, at least, because he so clearly rel- 
ishes the fight. In late 2002 the anti-Chavista 
workers and managers of Petrdleos de Venezuela 
joined forces to stage a two-month strike, crip- 
pling the Venezuelan economy. The president 
sought to take control of the company by firing 
nearly half its workforce, but there is no way to 
tell whether those who got to keep their jobs are 
any more loyal to him now than they were 
before the strike. The middle classes appear to 
be almost unanimous in their hatred of him. 
Doctors have marched in the street against him, 
demanding better wages. An unknown number 
of military personnel—including several army 
officers I interviewed—dislike Chavez and his 
leftist politics intensely, if not openly (many oth- 
ers joined forces to lead the coup against him in 
2002 and have since been discharged). For the 
moment, however, the aggregate numbers of his 
enemies don’t add up to an opposition, and they 
have lost every battle so far. 

In fact, his opponents told me repeatedly, 
Chavez has so many enemies that if it weren't 
for oil, he would no longer be in power. Oil is 
by far the largest source of foreign income: 
From 1928 to 1970, Venezuela was the largest 
oil exporter in the world. The country ranks 
fifth now, but there is more oil money than ever. 
The war in Iraq and gradually shrinking oil 
reserves worldwide have combined to push the 
price of oil from just over nine dollars a barrel 
the year Chavez took power to a recent high of 
more than sixty. The misiénes programs could 
hardly exist without this extravagant income. 

Is oil really the key to Chavez's success? His 


V KING T 
vegetables on a cooperative farm near El Pao. In five years the government has distributed 
some five million acres of state land to more than 130,000 such groups. Venezuelans are still 
waiting for these new farms—and Chavez's new social order—to fulfill their promise. 


supporters say that previous regimes used the 
rivers of oil wealth that streamed through the 
economy for their exclusive profit, but no one 
else seriously claims that the new elites—with 
their gleaming Mercedes-Benzes, flashy watches, 
hunger for pricey real estate, and, above all, their 
direct access to the budget—lead austere lives. 
It is also said that only oil has allowed Chavez 
to get away with his anti-U.S. policies and his 
cheeky foreign-policy rhetoric: Venezuela’s head 
of state publicly called President Bush a pendejo 
—in Venezuela, a moron, a jerk—but sales of oil 
to the U.S. have continued at their same smooth 
pace during the years that Chavez has been 
insulting Bush. 

Oil money and heavy public spending help 
explain what is happening in Venezuela, of course, 
but in the end only Chavez can account for 
Chavez. The sheer force of his personality, the 
astonishing and overwhelming strength of his 
self-satisfaction, his utter lack of inhibitions, his 
inflamed nationalism, his obsessive need to cast 





) José Artiaga, at right, and nephew Osman Marcelino Rojas grow 


himself as a hero of the people, forever vanquish- 
ing the “demonios” (demons) that conspire against 
him and against the Venezuelan nation, are a hyp- 
notic and unique combination. 

Every time Hugo Chavez throws his weight 
around on the world scene, the admiration of 
poor people everywhere will likely increase. 
Venezuela’s leader may be unpredictable and 
unreliable, but he is an outstanding politician, 
and he has understood an essential lesson that 
lesser, or more cautious, politicians ignore at 
their risk: The world has many times more poor 
people like the young barrio activist Trinidad 
Ramirez, so desperate for a future, than rich peo- 
ple like the cattle rancher Carlos Azptirua, so 
anxious to conserve the past. 0 





® Looking ahead Share your opinion about 
Hugo Chavez's prospects in our forum. Browse 
a gallery of Web-exclusive images, view video 
of a street festival, and meet photographer 
Meredith Davenport at ngm.com/0604. 
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Pe Cm Ll: 
a male vagrant darter 
keeps the female 

in tow to prevent 
competing males 
from inseminating 
her. Dragonfly sex 

is often rough, even 
fatal. Now science 

is learning why. 
SYMPETRUM VULGATUM 
PHOTOGRAPH BY GEORG RUPPELL 
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Using claspers at the 
end of their abdomens 
to grip their mates, 
male white-legged 
damselflies guard 
against rivals as 
females lay eggs on 
the Danube River. 
Both damselflies and 
Celelefeynvil(-towel-) (eile ce} 
the Odonata order, 
6,000 species strong. 


PLATYCNEMIS PENNIPES 





A predator is born: Wriggling from its larval skin, this clubtail dragonfly 
faces a race for mates—and food. Its adulthood may last only two months— 
60 days of terror for other insects. Huge compound eyes give dragonflies acute 


vision for hunting, earning them the nickname “mosquito hawk.” 


GOMPHUS FLAVIPES 
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By Jennifer Ackerman 
Photographs by Jozsef L. Szentpéteri 


You may have seen their antics 
on a languid summer day: Somewhere on the reedy fringes of a pond, 
a male dasher dragonfly pursuing a female, like two hyphens of 
lightning. Or a tiger-striped spiketail diving, twirling, flashing its 
gossamer wings, then in a blink, meeting a mate to ascend together into 
the ether. Or a linked pair of brilliant green darners hovering as one 


over the dark water, the male towing the female, 
darting forward, then back, then straight up with 
the kind of aerial agility of which we masters of 
the helicopter can only dream. 

From a distance, dragonfly rituals of courtship 
and sex look harmless, even romantic. But a close 
look at their mating game reveals a harsher tale 
of sexual harassment and conflict. Take the jew- 
elwing Calopteryx splendens. Some males dis- 
pense with courtship altogether and just snatch 
unwary females while they’re warming in the 
sun—even immature ones, shimmer-fresh after 
emergence from their larval youth. Others, called 
“stealers,” attack and split mating pairs by ram- 
ming, pulling, and biting them; still others, 
“water lurkers,” grab a female in the midst of egg 
laying so they can have their way with her, even 
if she drowns in the process. Females, for their 
part, attempt to escape this boorish behavior by 
flipping, zigzagging, spiraling upward or down- 
ward, submerging in water, fleeing at high speed, 
or fighting back, sometimes murderously. 

Why such a war between the sexes? Scientists 
seeking clues to the answer are finding in drag- 
onflies a bizarre mix of cooperation and con- 
flict, instinct and experience, which may explain 
not just their odd reproductive habits but also 
their dazzling diversity of colors and species. 

When my grandmother was growing up, drag- 
onflies were known as devil’s darning needles 
and horse stingers, considered an annoyance by 


some, a danger by others. In many places the 
insects are still under suspicion, dubbed finger 
cutter, horse killer, ear stick, and eye pisser. They 
are poisonous. They will sew together your lips. 
They will crawl into your ear and penetrate your 
brain. They will sting you. They will bite you. 
They will bring you rotten luck, or worse. 

“Not so,” says Philip Corbet, a biologist from 
Cornwall in England. “Dragonflies are neither 
nuisance nor danger—that is, unless you're a 
mosquito.” Or another dragonfly. 

Corbet is fixed on a pair of elegant blue-tailed 
damselflies on the sunny bank of a small lake in 
Spain—one azure, one ocher, “both from the 
species Ischnura graellsi, renowned for having 
females of more than one color,” he says, and 
also, for the male’s distinctly “ungallant” behav- 
ior. “To secure a copulation, a male will seize a 
flying female and sometimes even bite her wings 
at the base.” 

This pair, however, is locked in an embrace 
that can only be described as an ersatz heart. 

Anyone who has watched dragonflies mating 
in the bright air has seen a wonder of evolu- 
tion, Corbet says. Odonates, as they’re called, or 
“toothed ones,” have been around for more than 
300 million years, which has given them time 
to figure all the angles on sex. Judged by their 
longevity and diversity (6,000 species) and the 
scope of their distribution (every continent ex- 
cept Antarctica), they're (Continued on page 114) 
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Not even an hour 
after their final molt, 
soft-bodied clubtail 
dragonflies are vulner- 
able to birds and other 
predators. In a few 
days their bodies will 
harden, and they'll soon 
be ready to mate. It’s 
a violent act in some 
clubtail species: The 
male's viselike mating 
claspers often pierce 
the female’s head. 


AVIPES 





After mating, a 
female Formosan 
jewelwing beats her 
white-tipped wings 
as she deposits 
fertilized eggs into 
plants just below the 
surface of a stream 
in Taiwan. After eggs 
hatch, the larvae 
sink to the bottom 
for six months 
before emerging. 


MATRONA CYANOPTERA 








Dragonflies 
are neither 
nuisance nor 
danger—that is, 
unless you’re 
a mosquito. 
Or another 
dragonfly. 





one of nature's great reproductive success stories. 

Corbet brings his net close to the coupled pair. 
He keeps the net’s shadow low, then whips the 
net over with a quick flick of the wrist. Such skill- 
ful fliers are dragonflies and damselflies that they 
often make a mockery of such efforts at capture. 
(The difference between a damsel and dragon, in 
a nutshell, is that the damsel is small and slender 
and holds its wings over its back when at rest; 
the more robust dragonfly holds its wings out- 
spread.) But Corbet is a master. As a child of six, 
he fell helplessly in love with the insects. Now in 
his 70s, with two wings of snow-white hair and 
a full white beard, he is the doyen of dragonflies 
and author of the “bible” on the subject. 

He pulls the male out of the net and turns 
him upside down to look at his genital organs. 

At the tip of the male’s abdomen are its testes; 
at its base, behind its legs, is a penis and a small 
swollen pouch for storing sperm. Male dragon- 
flies sport two sets of sex organs, the prerequisite 
equipment for a mating system that is unique 
in the insect world. Before he copulates, a male 
dragonfly must in essence self-inseminate, mov- 
ing his sperm from the testes to the storage pouch 
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TRIACANTHAGYNA DENTATA (DRAGONFLY LARVA); 
MEGALOPREPUS CAERULATUS (DAMSELFLY LARVA) 


and into the penis. Here comes the tricky part. 
He must grip a female by the head or thorax and 
hold her in the tandem position, with claspers 
at the tip of his abdomen that fit neatly, like a 
lock and key, with a special plate on her thorax 
or behind her eyes. 

“Tf it seems that dragonfly biologists are 
inordinately preoccupied with sex, they may be 
excused,” Corbet says. Sexual behavior is key to 
understanding how dragonfly species got to be 
the way they are. And sexual organs are key to 
their identity. “Slight differences in this clasper- 
plate system are what define some species that 
are otherwise nearly impossible to distinguish.” 

Once the pair is in tandem, and the female is 
receptive to the overtures of her suitor, she will 
curl the tip of her abdomen around to bring her 
vagina in touch with his penis, working the pair 
into that heartlike copulatory position. 

“It’s a jolly difficult business,” says Corbet, “and 
there’s much speculation about how it evolved.” 
Some experts believe that the male originally 
placed his sperm package on the ground. This 
was risky, given what Corbet calls the “preda- 
tory proclivity” of some female dragonflies to 





CROCOTHEMIS ERYTHRAEA 


‘ARLET DARTER); ERYTHROMMA VIRIDULUM 


Eating on the fly, a scarlet darter (above) consumes a damselfly over 


the Danube. All Odonata species are carnivorous. In Panama a darner dragonfly 


larva (opposite), photographed in a tank outside the water-filled tree hole 


where it hatched, feeds on the larva of a helicopter damselfly. 


banquet off their partners. Males may have 
adopted the tandem position to protect them- 
selves from becoming their lovers’ prey. Over the 
ages they evolved ways of keeping their sperm 
packages safely tucked under their abdomens 
and, eventually, a complex genital “sperm bank” 
for storing it there. 

So, too, they evolved strategies for effectively 
guarding their mates and fending off rivals. 
After sex, many pairs do not disengage but fly 
about in tandem, the male guarding the female 
by continuing to grasp her while she lays her eggs. 
This may serve the female, protecting her from 
clamoring suitors so she can oviposit in peace. 

But there’s nothing chivalrous about male sex- 
ual behavior. Some males embrace females with 
spiny claspers in a viselike grip that causes dam- 
age. Look closely at the eyes of a female darner, 
and you may well see dark puncture marks. This 
sort of abuse appears widespread among some 
dragonflies, In one study of 12 species of club- 
tails by Sidney Dunkle, a biologist then at the 
University of Florida, 88 to 100 percent of all 
females had holes in their heads, caused by a 
male’s iron hold. The aptly named dragonhunter 


(Hagenius brevistylus) earned the dubious dis- 
tinction of inflicting more severe damage than 
any other dragonfly: The spines of his append- 
ages gouged the female’s eyes, punctured and 
split her exoskeleton, and pierced her head, so 
that a “maximally damaged” female had as many 
as six holes of varying sizes punched in her head. 

Grab, shake, bite, gouge, puncture, split, 
punch: It’s enough to put anyone off sex. 

In a brilliant experiment some years ago, 
Jonathan Waage of Brown University discovered 
the Rosetta stone to this strange mating behav- 
ior. Waage studied the jewelwing damselfly 
Calopteryx maculata. First he examined the 
sperm-storage organ of females after a couple 
of matings to determine whether sperm from a 
second mating was added to sperm from the 
first. He was surprised to find that the amount 
of sperm hadn’t changed. Then he dissected pairs 
in the midst of copulation and studied their 
sex organs under an electron microscope. The 
experiment revealed that a male dragonfly uses 
his penis not just to transfer sperm to the female, 
but also to remove sperm left in her storage 
organ from previous matings. When he curls 
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ouflage markings 
that may deter ‘ 
predators, a newly 

. emerged black-tailed 
skimmer hides in 
tall grass for extra 
protection against ° 
birds and wasps. 
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into that wheel position and begins his ener- 
getic genital thrusting, he’s actually using his 
rigid, spoonlike, and sometimes spiky, penis to 
scrape out rival sperm before he deposits his own. 

Such a ploy is necessary, Corbet says, because 
of female choice and sperm competition. A 
female nearly always mates with more than one 
male; it’s in her interest to “upgrade” her fertil- 
izations if she can, thereby exercising choice over 
the paternity of her offspring. Males want their 
sperm alone to prevail, so they have evolved strate- 
gies for purging other sperm and for discourag- 
ing mates from copulating with rivals. In this 
game of sexual chess, the last sperm into the 
female’s storage organ wins by fertilizing her eggs. 


Waage’s discovery helps explain all sorts of cun- 
ning and perfidious dragonfly habits: why males 
harass females (to spread their sperm around); 
why they assume that weird heartlike copula- 
tory position (the wheel facilitates the removal 
of rival sperm); why they guard females, and 
encourage them to lay eggs directly after mating. 

This warring may have a surprisingly “cre- 
ative” effect, says Ola Fincke, an evolutionary 
biologist at the University of Oklahoma. “It may 
be a novel mechanism for generating the differ- 
ent colors found among some females,” she says, 
“and even entirely new species.” In Fincke’s view, 
the brilliant diversity of dragonflies may arise 
not only from adaptation to ecological niches, 


Named for its wing markings, a rubyspot damselfly rests on a leaf in Panama. 


To repel competitors and stake out territories, males patrol stream sections favored by 


females for egg laying. Dragonfly larvae must have clean water to live. Pollution and loss 


of habitat are why hundreds of species worldwide are endangered or threatened. 











as with the famous Galapagos finches, but also 
as a response to sexual conflict. 

Fincke studies Enallagma damselflies, known 
in North America as bluets, Mature female bluets 
come in two colors, the more common green 
type and also blue, the usual color of males. 
Why would females of different colors be main- 
tained in a population? Fincke suspects that 
sexual harassment offers an answer. To measure 
harassment in bluets, she uses the “damsel-on- 
a-stick” technique: She glues live females to a 
perch and places them at the edge of a small 
pond, where males congregate. “Females may be 
harassed as often as five times a minute,” she 
says, “and not just by their own species, but by 
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males of closely related species.” Blue females 
suffer significantly less. 

Studies show that females constantly hounded 
by suitors have lower fecundity, So, in the game 
of evolutionary one-upmanship, females may 
have evolved different color forms as a response 
to harassment. According to one hypothesis, a 
blue female would be hassled less because she 
looks like a male. Fincke has another explana- 
tion, with some startling implications. 

“Tt may be that a female of rarer color doesn’t 
get harassed as much,” she posits, “not because 
she looks like a male but because she’s a less 
familiar form of female and doesn’t fit the male’s 
‘search image’ for a mate.” In recent experiments, 
Fincke has shown that young males discover what 
a female looks like by exposure. If they’re reared 
with green females, they choose to mate with 
green females; if they’re reared with blue ones, 
they'll go for blue. This suggests a revolutionary 
idea. Male dragonflies learn; their sexual behav- 
ior is not hardwired but more flexible, more 
“intelligent” than anyone ever imagined, 

Like most scientists, Fincke follows questions, 
one leading to another. In her view, sexual con- 
flict may explain another perplexing mystery: 
the relatively swift evolution of bluet species 
—18 new species in the past 250,000 years. 
Speciation is still poorly understood, and the 
explosion of new species in this genus in partic- 
ular is a conundrum. “How do you explain the 
rapid evolution of dozens of different species of 
blue-and-black damselflies, all of them occupy- 
ing essentially the same ecological niche?” she 
asks. Fincke suspects that females with slightly 
different thoracic plates are favored in evolution- 
ary terms, because male claspers of some species 
won't fit with them, so not as many males can 
harass them by taking them in tandem. In short, 
sexual harassment sparks the evolution of 
female plates that differ from the usual, which in 
turn triggers shifts in the shape of male claspers, 
in an evolutionary tango that gives rise to whole 
new species and unexpected variety. 

The next time a pair of elegant jewelwing 
damselflies or feisty scarlet darters cavort in the 
flecked morning sun, consider it: evolution on the 
wing, in motion, right before your eyes. 0 














® Sex on the Fly View more photographs of drag- 
onfly behavior and then download them to your 
desktop as wallpaper at ngm.com/0604. 
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FIRES CONSUME SAN FRANCISCO AFTER THE 1906 
EARTHQUAKE (ABOVE). A SEISMOGRAM OF THE EVENT 
WAS RECORDED IN GERMANY, 5,600 MILES AWAY (BELOW). 


5:12 A.M., APRIL 18, 1906, MAGNITUDE 7.8 


A HUNDRED YEARS AGO THE EARTH SHOOK BENEATH SAN FRANCISCO, 
FLATTENING THE CITY AND SPURRING THE MODERN SCIENCE OF SEISMOLOGY. 
BUT EARTHQUAKES KEEP TAKING US BY SURPRISE. 


120 HISTORICAL PHOTO; COURTESY BANCROFT LIBRARY, UNIVERSITY OF CALIFORNIA, BERKELEY; SEISMOGRAM: COURTESY U.S, GEOLOGICAL SURVEY 
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WHERE ON EARTH WILL IT STRIKE? 
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Will quakes ever be predictable? 


Japan suffered its worst earthquake in a decade in October 2004, when a magnitude 6.6 
rattled Niigata Prefecture, killing dozens and displacing 100,000 people. Scientists often can 
say where such extreme shaking is likely to hit—but still can’t tell when. 
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What precautions save lives? 


Ducking under their desks, first graders in Shizuoka, Japan, learn how to shield themselves 
from falling objects. Schools hold drilis like this every September to commemorate Tokyo’s 
last big quake, in 1923, which killed more than 100,000. 





BY JOEL ACHENBACH 
PHOTOGRAPHS BY PETER ESSICK 


The Hayward Fault. 


along and lethal crack in the Earth, slices along the base of the Berkeley 
Hills and directly through the University of California. It passes under 
a theater and a couple of dormitories—no problem, they’re just freshman 
dorms—and kinks the concrete steps outside California Memorial 
Stadium. You can straddle the fault, one leg up the steps, one leg down. 

Then the fault runs underneath the stadium. One map shows it splitting 
the goal posts in the north end zone. It races downfield, barrels through the 
south end zone, and keeps going, careening down the street toward Oakland. 


Back in the 1920s, when architects drew up 
plans for a grand football stadium at Califor- 
nia’s flagship university, they refused to let a 
geologic imperfection stand in their way. Earth- 
quake science was still young, but the architects 
apparently realized that the Hayward is a fault, 
where two pieces of crust move past each other. 
So the architects gamely built the stadium in 
two halves, shaped sort of like a coffee bean, 
with a line, the fault, essentially splitting the 
structure. Each half of the stadium could move 
independently, riding the shifting crust without 
breaking a sweat. 

Scientists now know that the Hayward creeps— 
it inches along steadily, although millimeters 
along would be more accurate. At the rim of the 
stadium, a Berkeley professor named Richard Allen 
shows me the result of 80 years of creep: a four- 
inch jog in the concrete, inelegantly bandaged with 
a rusty metal plate. We're both a little amused. 
What hubris to build a stadium on a fault! 

But Allen points out the central problem: 
Faults don’t just creep. They also “break.” They 
“rupture.” The creep happens in plain sight, but 
the breaking, the rupturing, the lurching—the 
earthquaking—will hit you blindside. 

Allen teaches Berkeley’s oldest course on earth- 
quakes. He calls it Earthquakes in Your Backyard. 
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The name couldn't be more appropriate, because 
the Hayward is a particularly dangerous fault. It 
hasn’t spawned a major earthquake since 1868. 
Sometime soon, it could go. 

Much of the stadium is built on soft ground, 
the kind that amplifies seismic waves. “In an 
earthquake,” says Allen, “the entire field may liq- 
uefy.” The players wouldn’t sink into a jiggling 
vat of goo. They'd just get knocked off their pins 
—tackled by a temblor. 

But of course no one on that field is worried 
about an earthquake. It’s a hot summer day a 
few weeks before the start of the season. The 
players are worried about making the team. 
They’re worried about beating Stanford. 


YOU SEE RIGHT THERE a fundamental prob- 
lem with earthquakes: They refuse to operate 
on human standard time. They're on their own 
peculiar schedule. Earthquake faults have a nasty 
way of combining patience with impulsiveness. 
Wait, wait, wait—lurch. 

It's been a hundred years since the last big one 
in California, the 1906 San Francisco earthquake, 
which helped give birth to modern earthquake 
science. A century later, we have a highly suc- 
cessful theory, called plate tectonics, that explains 
why 1906-type earthquakes happen—along 


with why continents drift, mountains rise, and 
volcanoes line the Pacific Rim. Plate tectonics 
may be one of the signature triumphs of the 
human mind, geology’s answer to biology’s 
theory of evolution. And yet scientists still can’t 
say when an earthquake will happen. They can’t 
even come close. 

Some of the simplest questions about earth- 
quakes remain hard to answer. Why do they 
start? What makes them stop? Does a fault tend 
to slip a littlke—telegraphing its malign intent— 
before it breaks catastrophically? Why do some 
small quakes grow into bigger quakes, while 
others stay small? 

And there’s the broader question: Are there 
clear patterns, rules, and regularities in earth- 
quakes, or are they inherently random and 
chaotic? Maybe, as Berkeley seismologist Robert 
Nadeau says, “A lot of the randomness is just 
lack of knowledge.” But any look at a seismic 
map shows that faults don’t follow neat and 
orderly lines across the landscape. There are 
places, such as southern California, where they 
look like a shattered windshield. All that cracked, 
unstable crust seethes with stress. When one fault 
lurches, it can dump stress on other faults. UCLA 
seismologist David Jackson, a leader of the chaos 
camp, says the field of earthquake science is 
“waking up to complexity.” 

This regular versus chaotic debate isn’t some 
esoteric academic squabble. Earthquakes kill 
people. They level cities. The tsunami of Decem- 
ber 26, 2004, spawned by a giant earthquake, 
annihilated more than 220,000 lives. The magni- 
tude 7.6 quake centered in Kashmir last October 
killed at least 73,000 people. Perhaps as many as 
a million would be dead or injured if a major 
quake felled the unreinforced high-rise struc- 
tures of Tehran, Kabul, or Istanbul. One of the 
world’s largest economies, Japan, rests nervously 
atop a seismically rambunctious intersection of 


tectonic plates. A major earthquake on one of 
the faults hidden underneath Los Angeles could 
kill ten thousand people. A tsunami could smash 
the Pacific Northwest. Even New York City could 
be rocked by a temblor. 

Yet at the moment, earthquake prediction 
remains a matter of myth, of fabulations in which 
birds and snakes and fish and bunny rabbits 
somehow sniff out the coming calamity. What 
scientists can do right now is make good maps 
of fault zones and figure out which ones are 
probably due for a rupture. And they can make 
forecasts. A forecast might say that, over a cer- 
tain number of years, there’s a certain likelihood 
of a certain magnitude earthquake in a given 
spot. And that you should bolt your house to its 
foundation and lash the water heater to the wall. 

Turning forecasts into predictions—‘“a mag- 
nitude 7 earthquake is expected here three days 
from now’—may be impossible, but scientists 
are doing everything they can to solve the mys- 
teries of earthquakes. They break rocks in lab- 
oratories, studying how stone behaves under 
stress. They hike through ghost forests where 
dead trees tell of long-ago tsunamis. They make 
maps of precarious, balanced rocks to see where 
the ground has shaken in the past, and how hard. 
They dig trenches across faults, searching for the 
active trace. They have wired up fault zones with 
so many sensors it’s as though the Earth is a 
patient in intensive care. 

Surely, we tell ourselves—trying hard to be 
persuasive—there must be some way to impose 
order and decorum on all that slippery ground. 


WE’ VE BEEN TRYING ever since the Earth hum- 
bled San Francisco. In April 1906 the city was the 
commercial and financial powerhouse of the 
West, a crucible of great fortunes, a place utterly 
decadent by reputation, gorgeous by any defini- 
tion, with some 400,000 (Continued on page 133) 
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SAN FRANCISCO 1906-2006 
The shaking lasted less than a minute when the big quake hit a 


century ago. As stoves tipped over and gas lines ripped apart, fires 
broke out all over the city. With water mains ruptured and useless, 
soldiers dynamited buildings in a vain effort to contain the blazes. 
By the time the last embers died three days later, the Paris of the 
West was gutted. George R. Lawrence, a pioneer in aerial photogra- 
phy, sent a panoramic camera aloft with kites to record the damage 
(above). Some 500 blocks had been leveled and 225,000 people 
made homeless. Death-toll estimates run to 3,000 or more, making 
this the deadliest quake in U.S. history. 

Today more than six million people live in the city (left) and its 
surroundings, which sprawl along the San Andreas Fault, a 700-mile 
slice through California that marks the boundary between the North 
American and Pacific plates. Minor quakes occur often. But a big 
one is coming—and could strike at any time. 
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NO PLACE IS SAFE on the San Andreas Fault. On the Carrizo Plain in south-central California, 
thousands of years of earthquakes have left a zippered scar (above). At Scripps Institution 

of Oceanography, a 3-D model of San Francisco after the 1906 quake (left) shows slippage 
—or land movement—along the fault; each rainbow of color represents about 1.5 inches. 


(Continued from page 127) citizens and perhaps 
nearly as many bars. The famed Enrico Caruso 
performed at the opera the night of April 17. 

All that changed at 5:12 the next morning, 
when the bars had finally emptied. Something 
happened deep under the seafloor just off the 
Golden Gate, out near the shipping channel. 
Along an ancient crack in the Earth, two slabs 
of rock began moving in opposite directions. 

An earthquake will unzipper a fault at two 
miles per second. This one broke north and 
south. In some places the slip was just 6 or 7 feet, 
but elsewhere the ground lurched fully 16 feet 
ina snap. The fault broke for 270 miles, from 
Shelter Cove, way up in the redwood country of 
northern California, all the way south to the old 
mission town of San Juan Bautista. 

It wasn’t the worst earthquake in history by a 
long shot, but it was sensational. Not only did 
it heave the ground and topple buildings, it rup- 
tured the water mains, leaving San Franciscans 
helpless as their Victorian homes and bustling 


shopping districts and warehouses and opera 
burned to the ground. No one knows how many 
people died, but about 3,000 is the consensus. 

It inspired a kind of war on earthquakes, using 
the weapons of science. Until the San Francisco 
earthquake, geologists weren't sure how earth- 
quakes and faults were connected. Many believed 
that faults were the by-products of earthquakes, 
not their source. The great Berkeley geologist 
Andrew Lawson had discovered the San Andreas 
Fault more than a decade earlier, naming it after 
the San Andreas Valley—and possibly himself 
(Andreas equals Andrew). But he thought it was 
just a little sniffle of an earth crack, a trivial thing 
not much more than a dozen miles in length, 
responsible for the narrow valley that holds San 
Andreas Lake and Crystal Springs Reservoir on 
the San Francisco Peninsula. 

But earthquakes are teachable moments. 
When the fires died down and San Francisco 
started to rebuild, Lawson and a team of col- 
leagues set out to solve the mystery of the Great 
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Earthquake. They literally walked the “mole 
tracks” where the fault rupture had churned 
across barnyards and meadows. Then they con- 
tinued south for 600 miles, reading the land- 
scape, discovering the unbroken sections of the 
fault. This fault just kept going and going, all 
the way down past Los Angeles. In 1908 the team 
published the fabled Lawson report, which 
showed this rip in the Earth in vivid photo- 
graphic detail. 

In the course of the investigation, a scientist 
named Harry Fielding Reid figured out why 
earthquakes happen. Reid studied all the reports 
of ground motion, of roads and fence lines offset 
by the fault, and came up with the key concept of 
“elastic rebound.” The surface of the Earth isn’t 
perfectly stiff. It bends. Land at some distance 
from a locked fault will slowly stretch in oppo- 
site directions, but the fault itself will remain 
locked, under increasing strain. Finally the fault 
breaks, and the land springs back violently, 
releasing accumulated strain. An earthquake, says 
Bill Ellsworth of the U.S. Geological Survey in 
Menlo Park, California, is “a relaxation process” 
—from the standpoint of the planet at least. 

Lawson, Reid, and their colleagues had no 
way of understanding the ultimate source of the 
forces behind earthquakes. But by the late 1960s, 


INSIDE A QUAKE 

When a fault like the San Andreas 
ruptures, adjacent plates in the Earth’s 
crust suddenly lurch past each other. 
Two kinds of vibrations radiate from 
the hypocenter, the spot deep in the 
Earth where the rupture originates: 

P waves, which compress and stretch a. 
the rock as they go, and S waves, 
which shake the rock from side to 
side. Seismic stations around the 
world record these vibrations, allow- 
ing geologists to locate the hypocen- 
ter and the surface location directly 
above it, the epicenter. At the Earth's 
surface, P and S waves produce the 
heaving and rolling surface waves of 
an earthquake, which are usually most 
severe along the rupturing fault. 
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scientists had come to realize that the Earth is 
divided into about 15 plates of crust, constantly 
shifting as new rock forms at mid-ocean ridges 
and old crust dives into the Earth’s interior at 
subduction zones in the deep sea. Suddenly the 
Himalaya were revealed as a crash site, with 
India slamming into Asia. And the San Andreas 
was not just a long strike-slip fault: It was a plate 
boundary, where the North American and Pacific 
plates grind slowly past each other at a rate— 
precisely measured by GPS—of two inches a year. 
But except for a section called the “creeping 
zone” in central California, the San Andreas is 
locked. Around San Francisco, the fault hasn’t 
budged since 1906. North of Los Angeles, a long 
stretch of the fault has been stuck since 1857. 
Near Palm Springs, there’s been no action on 
the fault since about 1680. 

At some point the San Andreas will have 
another relaxation event. When that happens, 
despite all the forecasts, all the measurements, 





all the scientific conferences, nearly everyone 
will be caught by surprise. 


ALTHOUGH IT IS PROBABLY the most famous 
fault on the planet, the San Andreas is often 
strangely hard to find. It slices an enigmatic path 
through wildly varied topography. Sometimes 
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A MINI TSUNAMI simulates an earthquake-generated wall of water crashing into a populated 
coast. At the O. H. Hinsdale Wave Research Laboratory in Oregon, a model based on a vulnerable 
area in Puget Sound shows the possible impact on buildings and the movement of debris. 
Scientists hope to use this information to reduce the damage that the monster waves inflict. 


it's obvious—viewed from above on the Carrizo 
Plain in south-central California, for example, 
where it looks like a zipper, or at Thousand 
Palms in the Mojave Desert, where fan palms 
line up neatly to drink water percolating upward 
through the fault. But usually the San Andreas 
lurks in the landscape, a shadowy presence. 
When you search for the fault you spend a lot 
of time thinking: Is this it? Or is that it? Is this 
the boundary between two enormous tectonic 
plates, one stretching to Japan and the other to 
the middle of the Atlantic Ocean? Or am I stand- 
ing in a random ditch? 

A century after Lawson et al. rambled across 
California, researchers are still pinpointing the 
fault’s active trace. | tagged along with Carol 
Prentice, a geologist with the U.S. Geological 
Survey in Menlo Park, who has been stomping 
through the dense redwood forests of northern 
California. She is aided by a new technology 
called LIDAR, which uses aircraft-borne lasers 
to trace the contours of the land. Photos and 


maps in hand, she hikes through the woods, 
noting every feature that might reveal the exact 
location of the fault: sag ponds, offset streams, 
displaced fences. She has even found what appears 
to be a redwood stump literally ripped apart by 
the great quake. Prentice takes you into brush 
so thick and tangled you have to crawl. What we 
couldn't see on foot, we saw on knee. 

I asked her what would happen if the fault 
broke right under us, out here in the boondocks. 
“That'd be so cool, if we were right here,” she said. 
“Oh! I would love it. You wouldn't be able to stand 
up. It'd knock you on your butt. Presumably 
you'd see the ‘rending and heaving of the sod.” 
She was quoting from the Lawson report. 

Scientists like Prentice would love to know 
when, exactly, the San Andreas had a major 
quake prior to 1906. You sometimes read that 
the San Andreas breaks every 150 years or 200 
years or 250 years, but that is not hard data. 
That’s an informed guess. 

On the Point Reyes Peninsula, a knuckle of 
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land north of San Francisco, Tina Niemi is dig- 
ging for an answer. In the compacted sediment 
and peat of a trench dug across the fault trace, 
the University of Missouri geologist can discern 
a faint fracture, a line that slants across the trench 
wall from upper left to lower right. The line 
isn’t perfectly straight; it jogs and splays. Along 
with other clues, these kinks suggest that some- 
thing has jolted the soil here as many as 12 times 
over the past 3,000 years. Niemi doesn’t see any 
simple pattern to the quakes—not in time, not 
in magnitude. “Our data support more of a 
model for irregular occurrence,” she says. 

Nearby faults add another level of uncertainty. 
High in the Santa Cruz Mountains near Palo 
Alto you can stand on the San Andreas not far 
from the epicenter of the 1989 magnitude 6.9 
Loma Prieta earthquake. That quake was strong 
enough to destroy freeways and bridges and kill 
scores of people, but it never ruptured the sur- 
face. To this day, no one is sure how much of the 
quake to blame on the San Andreas and how 
much on other, unknown faults. 


“WITH FAULTS, you don’t have the luxury of 
tinkering under the hood to see what’s what,” 
writes USGS seismologist Susan Hough in her 
book Earthshaking Science. But some scientists 
want to sneak a look. Their idea: Drill the San 
Andreas. Find the biggest oil drilling rig in Cal- 
ifornia and ram huge steel pipes into the depths 
of the fault and send a bunch of gadgets down 
there to sample the rock and record its twitch- 
ing. The project is under way near Parkfield, a 
village in a dusty central California valley. 
Parkfield’s claim to fame is earthquakes. At 
the Parkfield Cafe there’s a sign that says, “If you 
feel a shake or a quake get under your table and 
eat your steak.” The quakes aren't actually very 
strong here. They tend to be magnitude 6. There 
has been a string of them. After the M6 in 1966, 
scientists realized that these quakes had occurred 
fairly regularly, roughly every 22 years, and so in 
the early 1980s the notion arose that there ought 
to be another Parkfield quake around 1988. 
Scientists wired the fault every which way, 
hoping to detect signs of building strain, mov- 
ing water, or some other quake precursor. But 
year after year, the quake refused to show. It 
became something of an embarrassment for 
everyone who argued that earthquakes follow 
patterns. Finally, on September 28, 2004, an M6 
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struck near Parkfield, although its epicenter was 
miles farther south than expected. A camera had 
been set up to catch the fault rupturing from 
north to south, but it broke from south to north. 

“We missed Parkfield by over ten years—and 
that was an earthquake in a barrel,” said UCLA's 
David Jackson, he of the chaos camp. 

Most disappointing to scientists was the lack 
of any precursors. They pored over the data and 
could find no evidence of anything unusual on 
the fault prior to the September 28 rupture. 
Maybe there was a very tiny change in crustal 
strain a day before the quake—but even that 
wasn’t certain. The unsettling notion arose that 
the jig was up, that these things are just flat-out 
unpredictable, random, weird. 

But science marches on—and digs deeper. At 
Parkfield there are still seismometers and GPS 
stations everywhere, and now there’s even that 
185-foot oil-drilling rig, a monument to what 
you might call testosterone science. By late sum- 
mer 2005 it had punctured the fault and reached 
its terminal depth of two miles. 

“In a sense we're testing the predictability of 
earthquakes,” says Mark Zoback of Stanford Uni- 
versity, part of the drilling team. Of the chaotic 
versus linear debate, he says, “we're the guys who 
are trying to find out which side is right. Not 
to be sanctimonious, but I think a lot of those 
positions are held more on belief than on data.” 
His rig is the next best thing to sending a per- 
son down into the fault directly, although even 
the rig can’t get instruments down to the six- 
mile depths where many large earthquakes start. 


IN JAPAN, government scientists say they have 
settled the question. Earthquakes are not ran- 
dom. They follow a pattern. They have detect- 
able precursors. The government knows where 
Japan’s big one will most likely strike. This is a 
country where the trains run on time, and earth- 
quakes are supposed to do the same. “We believe 
that earthquake prediction is possible,” says 
Koshun Yamaoka, a scientist at the Earthquake 


SHIFTING GROUND: Along the San Andreas 
Fault near Point Reyes, California, sections 

of a fence show the dramatic displacement 
of land that occurred in the 1906 quake. This 
fence was built in the 1970s along the track 
of an old fence wrenched apart by the quake. 
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SEISMIC DESIGN IN L.A. 

A beloved landmark since 1928, the Los 
Angeles City Hall suffered severe damage 
during the 1994 Northridge earthquake as 
cracks opened throughout the building 
and exterior tiles crashed to the ground. 
A three-year restoration and safety 
upgrade included reinforcing walls 
in the tower with steel bars and 
connecting the north and south 
wings to the main structure with 
steel bracing. The most dramatic 
changes were made at the 
base: Engineers dug a moat 
around the building to sepa- 
rate it from heaving ground 
and installed a suspension 
system on the foundation 
to reduce the shaking in 
future quakes. 

































Balancing Act 

Rising 452 feet above street 
level, the tower must be 
rigid enough to keep from 
whipping back and forth 
catastrophically in a quake 
(above) but flexible enough 
to sway as the building 
moves beneath it. 


Steel and concrete 
reinforcement 







Suspension System 
Seismic dampers at the base of support columns 
will act as shock absorbers during an earthquake, 
while steel-and-rubber isolators will allow the lsolator Damper 

building to move independently from the ground. ART BY BRUCE MORSER 








MEXICO CITY’S TALLEST BUILDING stands firm—so far—thanks to diagonal shock absorbers 
that should allow it to withstand a magnitude 8.4 earthquake. Months after it opened in 2003, 
the 55-story Torre Mayor rode out the shaking from a magnitude 7.4 quake 300 miles away. 
Tenants heard some creaking but felt little movement, and the building was undamaged. 


Research Institute of the University of Tokyo. 

In fact, Japan has already named its next great 
earthquake: the Tokai earthquake. The govern- 
ment has identified and delineated by law the 
precise affected area—a region along the Pacific 
coast about a hundred miles southwest of Tokyo. 
After a series of small quakes in the Tokai area 
in the 1970s, scientists predicted that a major 
quake might be imminent there. The Japanese 
government passed a law in 1978 mandating that 
preparations begin for the Tokai earthquake. 

Scientists have estimated a death toll of be- 
tween 7,900 and 9,200 for a quake striking with- 
out warning in the wee hours. Estimated property 
damage: up to 310 billion dollars. At the Tokai 
earthquake preparedness center in Shizuoka, 
a map pinpoints 6,449 landslide locations. 
Another map shows where 58,402 houses could 
burn in quake-related fires. It’s all remarkably 
enumerated. The only thing left is for the earth- 
quake to happen. 

There is, indeed, a plate boundary, called the 








Nankai Trough, that runs off the coast of the 
island of Honshu, where the Philippine plate is 
subducting beneath Japan. The boundary has 
generated massive earthquakes every 100 to 150 
years. Two sections of it, side by side, broke 
in 1944 and 1946. But the section along Tokai 
hasn’t generated a major quake since 1854, right 
about the time Commodore Perry sailed his 
warships into Tokyo Bay. The theory is that it’s 
time for this part of the subduction zone to 
relieve its accumulated stress. 

At the Earthquake Research Institute, Keiji 
Doi, who is in charge of public outreach, lays 
out the entire scenario. The land near Shizuoka 
is sinking toward the underwater trough at about 
five millimeters a year, indicating that strain 
is building up. “The earthquake occurrence is 
imminent, we believe,” Doi says. 

Up to this point, the Tokai tale is more a fore- 
cast than a prediction. But a precise prediction 
of time and place would be far more valuable 
for emergency planners. Thus has arisen the idea 


EARTHQUAKES 139 


What can governments do? 
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Deep under Tokyo's streets a construction crew prepares a quake-resistant duct for the city’s 
water, electricity, telephone, and sewage lines. By minimizing damage to the main utility lines, 
the tunnel should allow services to be restored quickly after an earthquake. 





of “pre-slip,” a notion that skeptics say is part 
science and part wishful thinking. 

Naoyuki Kato, another scientist at the Earth- 
quake Research Institute, says his laboratory 
experiments show that before a rock fracture 
gives way, it inevitably slips a little. He believes 
that what happens in a lab at small scale will also 
happen on a fault hundreds of miles long and 
running deep into the crust, just before the next 
big one. 

The government has an action plan built 
around pre-slip. Strain meters are embedded in 
the ground all over the Tokai area. If one or two 
meters show anomalies, scientists will confer and 
schoolkids will go home. Three anomalies will 
put the country on high alert. Police, soldiers, 
and firefighters will race to the border of the vul- 
nerable area. The prime minister will make a 
speech and say that an earthquake is imminent. 





Posters outlining this plan show a cartoon prime 
minister sitting at a desk with hands folded, 
looking very worried, but very much in charge. 

Yet none of the experts on the Tokai earth- 
quake describe this scenario with much con- 
viction. Press them, and they will admit their 
uncertainty. Yamaoka and Kato, for example, are 
both bullish on pre-slip, yet they also say it may 
be too small to be detected. 

Robert Geller, an American geophysicist who 
works half a mile away at the University of 
Tokyo’s school of science, is less circumspect. 
Geller has been in Japan for decades and has 
made “bashing earthquake prediction,” as he 
puts it, a passionate hobby. He calls the predic- 
tion program “faith-based science.” Pre-slip, 
he adds, “has never been verified to exist for 
actual earthquakes.” 

Geller’s skepticism is not just a case of Amer- 
ican outspokenness. Hideki Shimamura, 
an earthquake scientist at Musashino 
Gakuin University near Tokyo, is almost 
as blunt. “There may be pre-slip, but 
1 rather doubt it,” he says, adding that 
few researchers are willing to question 
the focus on Tokai lest they lose fund- 
ing. The situation has potentially lethal 
consequences, he says: Prior to the 
Kobe earthquake in 1995, which killed 
6,400 people, few people or public 
officials in Kobe had any inkling that 
they were vulnerable. Earthquakes were 
mainly someone else’s problem—far to 
the east, in Tokai. “They didn’t prepare,” 
Shimamura says. 

Since the Kobe quake, Japan has vowed 
to improve its readiness for a big jolt. 
Many of the bullet trains now brake at 
the first seismic tremor. Construction 
plans are supposed to get closer scrutiny, 
particularly in Tokyo, which sits on 
or near several dangerous faults. But 
the country has been shaken in recent 
months by a scandal: As officials looked 
the other way, crooked builders put up 
scores of structures that were far too frag- 
ile to withstand earthquakes. Their occu- 
pants were lucky that the scandal broke 
before the inevitable next earthquake. 

Near Tokyo’s sumo stadium is the 
Tokyo Restoration Memorial Hall, com- 
memorating disasters that have struck 





IN QUAKE-PRONE NEPAL the corners of a schoolroom have been retrofitted with steel-and- 
concrete braces. The feature echoes traditional Nepalese building design, in which walls are 
pegged together to keep them from collapsing individually. Buildings in Kathmandu (left) 
often lack such reinforcement, posing a grave danger to occupants and passersby. 


the city. A dapper gentleman named Nobuo 
Yanai, 82 years old, visits every year to honor 
nine family members lost in the great Kanto 
earthquake of 1923. They died not in the quake 
itself but in a fire that raced through a field that 
had become a temporary home for 40,000 people 
—a huge throng suddenly immolated. 

“They went up. Rose up in the sky. You may 
see the paintings over there’—and there, indeed, 
were paintings that showed the firestorm lifting 
people to the heavens. “My great-grandmother 
went up in the sky and disappeared.” 


PEOPLE STILL DIE in stunning numbers when 
the ground beneath their feet begins to shake. 
Almost always it’s not the earthquake that kills 
them, but rather their collapsing homes, offices, 
stores, and schools. An earthquake that might 
kill dozens or hundreds in California or Japan 
can kill tens of thousands in Latin America and 
Central and South Asia, where many buildings 
are little more than unreinforced masonry piles. 


There’s a seismic gap between rich and poor. 

Last October a magnitude 7.6 earthquake 
rocked northern Pakistan and Kashmir, the 
mountainous region claimed by both Pakistan 
and India. Within minutes, tens of thousands of 
people were dead, and countless others died 
later of injuries and exposure. Many were crushed 
when apartment buildings that had little or no 
steel in the concrete pillars simply pancaked. 
Had the quake been centered in nearby Rawal- 
pindi, a city of 1.8 million, the casualties could 
have been in the hundreds of thousands. 

Geophysicist Brian Tucker, head of a nonprofit 
organization called GeoHazards International, 
has been traveling the planet to lobby local 
officials to build sturdier housing projects, schools, 
and highways. He’s seen cities where impover- 
ished citizens expand their dwellings vertically, 
piling one brick floor on top of another, waiting 
for gravity to pull it all down. 

In Kathmandu, a city crammed with brick- 
pile high-rises, an official once told Tucker, “We 
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What about the survivors? 





Stunned survivors rescue an injured neighbor in Balakot, Pakistan, after last October's 
magnitude 7.6 earthquake, which killed at least 73,000. Landslides blocked many roads, 
leaving millions of people without food or shelter as winter closed in. 
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don’t have earthquakes anymore.” Surrounding 
the city are the Himalaya, pushed toward the 
stratosphere by tectonic forces. Tucker told the 
official, “Look out the window. That’s Mount 
Everest. As long as you can see that, you're going 
to have earthquakes.” 

Mexico City is another catastrophe in waiting. 
Much of the city is built on soft mud, the rem- 
nants of a lake drained by the Spanish. In 1985 
more than 9,500 people died when a subduction 
zone off the western coast of Mexico ruptured, 
sending seismic waves rolling hundreds of miles 
into the capital. Building codes have improved 
since then but only apply to new construction. 
And the population has boomed. Nearly 20 mil- 
lion people now live in a metropolis ringed by 
active volcanoes, testimony like the Himalaya to 
the tectonic forces that can level cities. 

Calamity has been part of the city’s cultural 
fabric for centuries. Underneath a church in the 
center of town, Cinna Lomnitz, an earthquake 
specialist from the University of Mexico, led me 
down a hidden stairwell to the remains of an 
Aztec pyramid, sagging on the soft lake bed. An 
ancient relief carved into the stone shows four 
suns surrounding a central sun. According to 
Aztec legend, each sun represents a period of 
earthly existence, and each is eventually destroyed. 

“The fifth sun is the last one,” Lomnitz said. 
“And it will end in earthquake.” 


KERRY SIEH BELIEVES science can help break 
the cycle of calamity. Sieh, a Caltech earthquake 
geologist, is convinced there’s a way to read the 
messages in the rocks, to heed the warnings 
encoded in their trembling. He knows firsthand 
how much could be gained if we could pinpoint 
the most dangerous faults and know when they 
are due to rupture. 

At 6:16 p.m. on Christmas 2004, Sieh was at 
his computer at home when he received an 
emailed bulletin about a seismic event at 3.3 
degrees north latitude and 95.8 degrees east 
longitude, near Sumatra. For Sieh, earthquake 
bulletins are routine—quakes happen every 
day, all over the world. But a number jumped 
out at him: 8.5. That was the initial estimated 





® Prepping for the big one Visit an online photo 
gallery to view techniques that scientists use in 
their efforts to predict quakes. Then browse a list 
of related links and resources at ngm.com/0604. 
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magnitude of the quake, which had happened 
just over an hour earlier. An 8.5 is enormous. 

Soon came the aftershocks, scores of them in 
the next few hours. Gradually the data began to 
harden around the obvious fact: This was a great 
quake, upwards of magnitude 9. News reports 
said a tsunami had killed perhaps several thou- 
sand people in Sri Lanka. And then those num- 
bers began to climb too. 

The Sumatran earthquake was not a total geo- 
logic surprise. Two weeks earlier Sieh had given 
a talk about his research on the great undersea 
fault paralleling the coast of Sumatra, where one 
plate is subducting beneath another. He had 
warned that the section of the fault he was study- 
ing, well south of the part that actually ruptured, 
could break at any time and trigger tsunamis. 

It had happened before, in the late 1300s, 
around 1600, and in 1797 and 1833—dates Sieh 
had determined by studying old coral heads 
along the islands off the west coast of Sumatra. 
When the Earth shifted in major quakes, the 
coral heads were lifted out of the water, leaving 
a gap in their growth layers. But the last really 
large earthquake had happened long before any- 
one now alive in Sumatra had been born. 

Sieh and his team had distributed posters in 
some villages of southern Sumatra, warning of 
catastrophic tsunamis. But Sieh’s colleague 
Catharine Stebbins found that the novelty of the 
posters and the American scientific expedition 
seemed to outshine the posters’ message. “It was 
like a circus came to town.” And no one thought 
the northern part of the fault would go first. 

Late Christmas Day, as the news about the 
disastrous tsunami came over the wire, Sieh 
feared for his friends in Sumatra, and he had an 
ominous thought: There would be another huge 
quake. By releasing stress on one segment of the 
fault, this earthquake had increased stress on the 
next segment to the south. 

Three months later, on March 28, 2005, that seg- 
ment broke in a magnitude 8.7 quake—smaller 
than the first but still one of the ten biggest on 
record. Another tsunami followed, but this time 
collapsing buildings and falling debris were the 
big killers, taking more than 1,000 lives. 

In his Caltech office, Sieh showed me a map of 
the Sumatran plate boundary, detailing the GPS 
stations he had placed along the fault before the 
March quake. They had all moved, yanked to 
and fro and up and down. One directly over the 


A MONUMENT TO FLEXIBILITY, the Yasaka Pagoda in Kyoto, Japan, has survived more than 


five centuries of earthquakes. After a jolt, the buil 


ing sways sinuously as each story rocks 


independently around a central, anchoring pillar. With a new appreciation of this ancient design, 


engineers are now adapting it for modern use. 


March rupture had jumped 10 feet up and 14 
feet to the southwest. The pattern of movements 
ind strain is still building. “If another 
great earthquake happens in the next year,” he 
said, “my guess is that there'll be another couple 
hundred thousand dead.” 

He has heard the refrain that earthquakes are 
chaotic and unpredictable. That’s not what he 
sees on the map of the plate boundary. He sees a 


fault brea 
“Obviously thi 


ing incrementally 
is not chaos. Th 
Sieh pointed to the area that he thin 


Is next 
in line. That’s where he and his colleagues will 
spend the coming years, listening to the fault, 
tracking the Earth’s movements, taking the mea- 
sure of shaky ground. 

“T would like to 
he said. O 


redict this earthquake,” 
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ZIP USA | SAN FRANCISCO, CA 94123 


Where Dogs Have Their Day 


Black Porsche, bay view, doting owner. Life is a royal ride for dogs in 
San Francisco’s Marina district, where canines outnumber kids. 
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BY MICHAEL MASON PHOTOGRAPHS BY CATHERINE KARNOW 





Leo poses for local artist Patti Miller, whose Matisse-inspired portraits go for 
about $1,500. Upscale shops welcome dog walker Julia Frink and clients; 
owners demand the shih tzus return home with immaculate paws. 


n any given afternoon in San Francisco's Marina district, dogs fill 
the streets and parks, the outdoor cafés and shops. They keep 
appointments with their masseurs and acupuncturists; they sit for 
portraits and for readings with their astrologers. Over the objec- 
tions of no less than the federal government, they romp unleashed 
through the delicate habitats of nearby Crissy Field. The Marina is dog country 
—no, dog Cannes—and no one here sees anything the least odd about it. San 
Francisco is home to 745,000 people and an estimated 110,000 dogs, packed 
into an insular fiefdom just seven miles long and seven wide. Not coinciden- 
tally, it also has the lowest ratio of children to adults of any major U.S. city: 
There is little doubt that dogs are helping fill a parental void—especially in 
the affluent Marina. “Those dogs are babied,” says retired postal carrier Spence 
Burton, 58, who delivered mail in the Marina for 25 years. “Even tiny apart- 
ments have, like, two rottweilers. But they’re not exactly guard dogs.” 

Not exactly. On a recent afternoon, Billy Franchey, 34, chauffeurs Gigi, a 
keeshond mix, and her “best friend” Ruby, an Australian dingo, to the neigh- 
borhood park in an electric cart for a bit of exercise. Afterward, in match- 
ing cowboy hats and sweaters, Gigi and Ruby may go to “yappy hour” at a 
Union Street boutique. “The Marina has a lot of young people who aren't 
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OR married so, you know, 
you get a dog,” says 
nw Franchey’s girlfriend, 
Lisa Mobini, 29, a for- 
mer NFL cheerleader. 
Her cell phone is loaded 
with pictures of Gigi 
dressed as a princess for 
Halloween and as an angel for Christmas. “Hon- 
estly, she has a better wardrobe than I do.” 

A few blocks away, astrologer Billie O’ Neill 
pores over the star charts of Franklin, a fat Welsh 
corgi unwilling to share toys with his buddies in 
the park. “He was a warrior in all of his past 
lives,” she says thoughtfully. “But this life is about 
learning partnership and cooperation.” Perhaps 
it’s too much to expect him to share, really: With 
an ascendant water sign, Franklin’s chart indi- 
cates he is focused on “material security.” 

A black Porsche glides down Chestnut Street 
with Slick, a seven-year-old standard poodle, 
regally upright in the passenger seat. Owner San- 
dra Ingrish takes him along on errands—to the 
grocery store, the bookshop, the bank—and so 
Slick, elegant and entitled, is a neighborhood 
fixture beloved by camera-toting tourists. “There 
are so many dogs, it’s really kind of amazing for 
a city this size. Dogs in New York never really 
looked that happy,” says Ingrish, who moved to 
San Francisco from Manhattan. Says Ted Rhein- 
gold, founder of dogster.com: “Folks here do not 
feel it’s abnormal to be in love with their dogs.” 

But beyond canine couture and doggie day 
care, something unusual is happening in San 
Francisco. Residents are taking seriously the 
notion that dogs are family members, and pets 
are acquiring something that begins to resem- 
ble rights. The San Francisco Society for the Pre- 
vention of Cruelty to Animals established the 
nation’s first no-kill shelter and built an adop- 
tion center with “condos” furnished with tele- 
visions and aquariums. Activists like Vanessa 
Getty—of San Francisco’s famed oil dynasty— 
run a sort of underground railroad, rescuing 
unwanted dogs about to be euthanized in less 
enlightened cities. 

“San Francisco is in the vanguard,” says James 
Serpell, a professor of animal welfare at the Uni- 
versity of Pennsylvania Veterinary School, “but 
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MEXICO” 


it’s not just in San Francisco. People increasing- 
ly regard their pets as quasi persons, or honorary 
persons, and the laws in most places just haven't 
caught up with this moral sea change.” 

Leave it to the federal government to get 
caught in the crosscurrents. A few years ago, the 
National Park Service tried to enforce its require- 
ment that dogs be kept on leashes in Crissy Field, 
adjacent to the Marina. There were howls of out- 
rage, and not from the dogs. At a public meet- 
ing, some 1,500 people showed up, most angry 
owners. Eventually three challenged their tick- 
ets, and so far have prevailed in the courts. 

“Whoa, those people can mobilize,” says Jean 
Donaldson, director of the SPCA’s school for 
dog trainers. “It’s amazing the political power 
dog owners have here.” 

Some residents find it galling that so much 
attention is lavished on pets. After all, San 





“It's all about extending dogs’ lives,” says 
masseuse Tanya Emes (with client), who 
makes house calls for $75 an hour. Her own 
dog, massaged daily, “is 15 and doing great.” 





“My new 8-lb. Oreck XL Ultra. 
It filters the air 
as you vacuum your floors 


Sand disappears. Pet hair is gone. 
Dust and dust mites are history and 
you'll breathe easier knowing it’s an Oreck XL. 
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Hi, P'm David Oreck. It’s common knowledge that household dust carries germs, 
pollen, dander, mold spores, bacteria — things you don’t want your family breathing 
in. That’s why I've created the new 8-Ib. Oreck XL Ultra. It’s the standard by which 
all other vacuums will be judged. Because in performance, ease of use, reliability, 
durability and value for your money, it stands alone. It picks up everything in one 
sweep, and then traps 99.9% of all harmful allergens down to 0.3 microns. That’s 
1/250th the width of a human hair. (Bacteria measures 0.4 to 10 microns, Mold 
spores are 10 to 100 microns.) There’s never a cloud of dust in your face, or (6 
foul odor with my XL Upright! I guarantee it. 














SAVE TIME AND ENERGY THE ORECK way. My Oreck XL Ultra lets you 
breeze through housework. Stairs are a snap. You glide from room to 
room. And you'll use 1/3rd the electricity 


of virtually any other brand. Free $ 169 











WITH ORECK, YOU GET A COMPLETE Housekeeper ‘ 
system. Free with purchase of the XL Compact 
Ultra is my $169 hypo-allergenic Canister. 






Housekeeper® Compact Canister. It’s 
great for ceilings, furniture, closets, and 
it’s a great car vac, too. It’s Strong Enough 
To Pick Up A 16-lb. Bowling Ball.™ 

8 FREE TUNE-UPS AND AN 8-YEAR 
warranty. My Oreck XL guarantee is so “= 
incredible, you'll wish your car had it. Odds « 
are you'd go through three other vacuums 
in the time you own one Oreck XL Ultra. 
TlLalso give you 8 free tune-ups to keep it 


running like new. That’s a $240 savings. 
TRY IT RISK FREE AND THIS $130 ron {~ a a ext. 
IS YOUR FREE Girt. My Cordless [ron is eRe en ne ee 


yours to keep when you try my amazing | Risk Free 30-Day Home Trial 


! 
8-Ib. vacuum in your own home risk free J © Please call me to arrange a free 30-day trial of the new Oreck XL“ Ultra and send me a 
bs ! $130 Oreck Cord Free Speed Iron” just for trying. I understand | will receive the $169 | 













































for 30 days. There's no obligation. T Housekeeper® Compact Canister free with purchase and the shipping (a $29.95 value) is free. 
‘ 1 ces, 1 would like more information on the amazing 8-Ib. Oreck XL, and include details U 
o 
Free i [of Oreck's 15-month Interest Free Payment Plan. I 
a : I Name I 
$130 Iron! We 
= Address 
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Free Shipping I ; I 
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(a $29.95 savings!) 4 Oreck Direct, LLC 100 Plantation Road, New Orleans, LA 701236 
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“Our dogs are our babies; we never leave them home,” says Lisa Mobini, at right, with Gigi. 
It's a concept not lost on local businesses, which cater to the young, single “doggie” crowd. 
Specialty biscuits (below) “are like doggie crack,” says maker Linda Gordon. “We sell jillions.” 


Francisco is a city beset by urban woes. Home- 
less people wander the streets, housing is unaf- 
fordable, and public schools are struggling. One 
group increasingly critical of people who relate 
to their dogs as if they were children: parents of 
real children. “We're treating dogs better than 
our kids or the homeless,” says city supervisor 
Michela Alioto-Pier. In recent years the city has 
seen two highly publicized dog maulings, the lat- 
est involving a boy who was fatally attacked af- 
ter his mother left him alone with two pit bulls. 

But animal welfare is not an either-or propo- 
sition, argues Sally Stephens, chair of the San 
Francisco Dog Owners Group. If dogs really 
are family members, then it’s time they get 
the protections they deserve. “For a lot of 
people, especially singles, their family is 
close friends and pets,” says Stephens. “For 
what they give, dogs deserve better.” 

So many trends that begin in Cali- 
fornia seem silly at first, dissonant 
notes in the national chorus. But then 


they wash over the rest of the country, and what 
seemed laughable becomes inescapable. “We are 
on the cusp of a major change,” says Serpell. On 
a sunny afternoon in the Marina, as they lounge 
at cafés, scarf treats, and fetch Frisbees, dogs may 
finally be getting as good as they give. 0 





® Welcome to Dogville View more images of San 
Francisco's dog-friendly Marina district, then browse 
canine-lovers’ websites at ngm.com/0604. 















HEALTHY CELLS. HEALTHY AGING. 





The Science of Aging. 


FOR YEARS, SCIENTISTS HAVE BEEN 
INVESTIGATING THE SECRETS OF AGING. 
Dr. Bruce Ames, a renowned geneticist, leading 
biochemist and University Professor, has studied 
the relationship between diet, maintaining 


healthy cells, and the aging process. His research 
focuses on the links between aging and tiny 
structures inside cells called mitochondria. 
Mitochondria are the powerhouses of 
our cells, the biological engines that convert 
carbohydrates, fats and proteins into the energy 
used by the entire body. Aging mitochondria are 
less efficient at converting fuel to energy, and 
they produce more toxic oxidants. 


Healthy mitochondria keep our cells 
healthy. Healthy cells provide energy, help 
keep the mind sharp and the memory clear, 
and provide a sense of overall well-being. 


AT THE UNIVERSITY OF CALIFORNIA, 
BERKELEY, DR. AMES AND AN AWARD- 
WINNING TEAM of scientists discovered in 
pre-clinical tests that by using the right combina- 
tion of a natural, energy-boosting component 
(acetyl L-carnitine) and a powerful antioxidant 
(alpha lipoic acid) they could slow the cell aging 
process. The result is Juvenon”, a cellular health 
supplement patented by the University. 





Cross Section of Mitochondria 
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| Age-Diminished 





Taken regularly like vitamins, Juvenon™ 
works on the mitochondria to improve cellular 
health and maintain it over the years. The 
result is healthy aging. 


¢ Sustains Energy Level 
¢ Promotes Brain Cell Function 
¢ Powerful Antioxidant 


Order Juvenon Today and Save $5 
Promotional Code: NG604 


www.juvenon.com 
1-800-JUVENON 


(1-800-588-3666) 










100% Satisfaction Guarantee! 
Not available in stores. 








‘The statements made here have not been evaluated by the Food and Drug Administration. The product featured is not intendet 
to diagnose, treat, cure, or prevent any disease. For medical advice, please consult a healthcare professional. ©2006 Juveni 










Watch your investment grow. 


A National Geographic Society gift annuity provides a 
lifetime of support for you and a better world for them. 


A Charitable Gift Annuity can provide you with tax savings 
and a fixed income for life* Your gift helps National Geographic 
to expand the boundaries of exploration while monitoring 
humanity's impact on the planet's natural resources. In turn, the 
Society helps you lead an informed life while leaving a better 
world for those you love. 


One-Life Charitable Gift Annuity rates and benefits for $10,000 





Age Rate Annual Income Tax Deduction 
70 6.5% $650 $3,400.70 
80 8.0% $800 $4,585.20 
90 11.3% $1,130 $5,556.80 


For illustrative purposes only. Rates are recommended by the American Council 
on Gift Annuities. For rates including more than one recipient, please call the 
Gift Planning Office. Tax deductions will vary according to the date and amount 
of the gift. Always consult your advisers about philanthropic gifts. 


For more information, please contact the Office of Gift Planning 
at 1-800-226-4438 or 1-202-828-6685. 


Thank you for your continued support. 


NATIONAL 
GEOGRAPHIC 


Office of Gift Planning 

1145 17th Street NW 

Washington, DC 20036-4688 
plannedgiftinfo@ngs.org 
www.naticnalgeographic.org/donate/annuity 


The National Geographic Society is a 
501 (c|{3], faxexempt organization. 


*Guaranteed minimum return of 6%. 


world beat 





DID YOU PAY MORE ATTENTION TO 
THIS MAGAZINE THAN TO YOUR 
RETIREMENT PLANNING? 


To make retirement planning easier, Edward 
Jones actually prefers meeting with you face- 
to-face, so we can get to know your unique 
needs better. And to help you achieve your 
financial goals, we'll recommend investment 
strategies that have proven themselves over 
the long term. For a free retirement review, 
contact your local Investment Representative 
at 1-800-ED-JONES or edwardjones.com. 
Member SIPC. 


MAKE A DIFFERENCE WITH A KISS 


EarthLink is out to Keep Internet Security 
Simple. And they're making it easy with 
their new K.I.S.S. program. Just go to 
www.earthlink.net for a free K.1.S.S. spyware 
scan to see if spyware is lurking on your com- 
puter. And if it is, EarthLink can give you the 
protection software to get rid of it. It's time to 
start enjoying a safer and more secure High 
Speed Internet experience. So K.I.S.S. your 
computer at www.earthlink.net, and get start- 
ed today. 


£) EarthLink 
We revolve around you" 





ROSETTA STONE 
ENHANCES YOUR LIFE 


Rosetta Stone® software teaches languages 
quickly and easily without useless memoriza- 
tion, tedious translation, or grueling grammar 
drills. Rosetta Stone is used by NASA astro- 
nauts, West Point cadets, and millions of indi- 
vidual users worldwide. Learn a new language 
for your next trip abroad, to enhance your 
career, or just for fun. Rosetta Stone pro- 
grams are backed with a 6-month money- 
back guarantee. 


RosettaStone 


Language Learning Success 








THE GENOGRAPHIC PROJECT 


Who are we and where do we come from? 
National Geographic in partnership with IBM, 
along with support from the Waitt Family 
Foundation, offers an opportunity for you to 
participate in this real-time research initiative 
to reveal the migratory path of your deep 
ancestors, To learn more about how you can 
participate please visit our Web site at 
www.nationalgeographic.com/genographic. 
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NATIONAL GEOGRAPHIC WORLD FILMS/SAMUEL GOLDWYN FILMS NATIONAL 
‘a Seon 


MOUNTAIN PATROL, a remarkable adventure, is based on true events sur- 
rounding illegal Tibetan antelope poaching in Kekexili, a vast and isolated 


region of China. Directed with exciting detail by Lu Chuan on the exquisite Join our 


Tibetan Plateau, MOUNTAIN PATROL follows Reader Panel 


wil \ | a band of brave volunteers as they face enor- 
Wiele NTAI N mous adversity and peril to save endangered NMOS MEGAETPAnelcornn 


PATR oO L Tibetan antelope from ruthless outlaw hunters. 
imam §=©Coming to theaters, Spring 2006. 








INSIDE GEOGRAPHIC 


Toguchi’s son displays 
his father's pictui 
the November issue. 





United in Death his friends and family on Okinawa knew Seiryu Toguchi as a 
gardener and musician. The GEoGRAPHIC knew him as an inspiration, one of the centenarians in last 
November's longevity article. Though Toguchi died days before the magazine arrived, his son made 
sure the story stayed with his father; he had the issue cremated with him. The funeral culminated 
in the intermingling of Toguchi’s remains with those of his late wife. Says writer Dan Buettner, who 
attended the service, “These two people, separated in life by one death, were reunited by another.” 





® Website Exclusive Watch footage of Toguchi’s funeral, in Multimedia, at ngm.com/0604, 





Venezuelan President Hugo Chavez, center, introduces photographer 
Meredith Davenport to then President of lran Mohammad Khatami. 
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The Chavez Charm 


While showing Iranian leader 
Mohammad Khatami through 
a Venezuelan tractor factory, 
Hugo Chavez spotted Mere- 
dith Davenport in a throng 
of photographers and called 
her over for a chat. She spoke 
to Khatami in English and 
Chavez in Spanish. “Both 
were charming,” Davenport 
says, “but Chavez makes 
you feel like you're the most 
important person in the 
world—and he can do that for 
thousands of people at once. 
It’s amazing, really.” 


PHOTOS: GIANLUCA COLLA (TOP); MOHAMMAD BABAE! 


PROMOTION 


ALL ABOARD SPRING 2006 


GRAND @ CENTRAL 


Check in at 2G 2 é : to learn more 
about the events, dining, and shopping that’s waiting for you. 


42nd Street and Park Avenue 
www.GrandCentralTerminal.com 


@ See 





tland 


* Grand Central Spring Fair April 23-May 13: 

Shop to your heart’s delight at the Grand Central Spring Fair. With over 
60 vendors, there’s something for everyone—discover artisan jewelry, 
handbags, clothing, toys, artwork, home décor and more. 


* Grand Central Outdoor Cafés 

Opening in May: Feed your love of dining at 
Grand Central outdoor dining area including 
Cipriani Dolci, Michael 

Jordan’s The Steak House 

NYC, and the Campbell 

Apartment. 


¢ April 1-8: Enjoy Scottish 
musicians, Highland 

dancers, and cooking 
demonstrations as Grand 
Central hosts Tartan Week, 

a free public celebration of 
Scottish culture past and present. 





* May 22-26: Witness the ingenious 

designs of everyday inventors as the History 
Channel and Invent Now Inc. present the contest 
winners, in the free public showcase of their 
Modern Marvels Invent Now Challenge. 





(WNSIDE GEOGRAPHIC 


Charles Petit 

It's tough to keep a low profile 
when doing a story for NATIONAL 
GEOGRAPHIC, as writer Charlie Petit 
learned while reporting on nuclear 
power. At the Kaiga facility south- 
east of Goa, India, workers draped 
Petit with flower garlands and 
planted a tree in his honor. Such 
“embarrassingly courteous” 
welcomes were routine in India, 
whose “nuclear mavens are 
eager for outside recognition.” 


Peter Essick 
Last October a dev- 
astating earthquake 
hit Kashmir, leav- 
ing at least 73,000 
people dead. It 
struck just as pho- 
tographer Peter Essick was wrap- 
ping up this month's story on 
earthquake technology—his 31st 
feature for the magazine. Essick 
had documented the damage such 
quakes can cause, and what's 
being done to minimize their 
destruction. “Scientists are learn- 
ing a lot about big quakes,” he 
says. “| hope one day they'll get a 
better handle on predicting them.” 





Writer Dan Glick explores Three Roof Ruin, a 13th-century Anasazi cliff 
dwelling in Glen Canyon. “It was a scramble to get up here,” he says. 


Jennifer Ackerman 

A “big fan of insects,” science 
writer Jennifer Ackerman went 
on the prowl for dragonflies in 
the mountains of central Portugal. 
It was a scorching day during a 
dry summer, so water and dragon- 
flies were scarce. Finally she 
found a remote water hole “alive 
with courting dragonflies.” She 
plunged in to cool off—and saw 
an amazing display. “They were 
buzzing all around me,” says 
Ackerman. “It was wonderful.” 
She was particularly enthralled 
by a large golden-ringed male 
patrolling just above the surface. 
Suddenly a female swooped in to 
join him, and the two shot into the 
air to mate. “I've never seen such 
aerial acrobatics,” says Ackerman. 


Gerd Ludwig 
In 1994 photogra- 
pher Gerd Ludwig 
did a story for 
NATIONAL GEOGRAPHIC 
on the catastrophic 
nuclear explosion 
at Chernobyl. This 
month he shows how Chernobyl 
fares today. During his coverage, 


ON ASSIGNMENT 
Wanderlust 


“Much of this assignment just 
let me roam, so | could see 
how much of Glen Canyon had 
been underwater,” says writer 
Dan Glick. Drained by drought, 
Lake Powell has receded dra- 
matically, uncovering much of 
the canyon and its offshoots. 
By boat and on foot, Glick dis- 
covered the canyon’s unveiled 
natural and historic riches. He 
camped overnight at one of the 
most revered spots, a waterfall 
called Cathedral in the Desert. 
“It's a legendary place, beauti- 
ful and silent,” he says. 


he suited up in protective gear 
and entered the still dangerously 
radioactive nuclear power plant 
where the accident occurred. As 
an added precaution, some scien- 
tists at the site urged Ludwig to 
drink up. “They say vodka pro- 
tects against radiation,” he says. 
Local folk seem to believe that, 
but do the scientists actually 
believe it too? “Hard to say,” says 
Ludwig. “Chernobyl is an eerie 
place. You want to protect your- 
self any way you can,” 


Catherine Karnow 
“It's no exaggera- 
tion to say I'm ob- 
_ sessed with dogs,” 
says Karnow, who 
¥ photographed this 
month’s dog-crazy 
zip code story. Despite the arti- 
cle’s lighthearted tone, some of 
what Karnow encountered in the 
field was “remarkably moving,” 
she says. “| met a female heroin 
addict who had fallen in love 
with a stray, but realized that she’d 
have to get clean to care for 
it properly. While she saved the 
dog, it also rescued her.” 
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NATIONAL gible. To register to participate in National Geographic's Reader Panel and be automatically entered for a chance to win, go to 
GEOGRAPHIC ":2mreaderpanel.com and follow the directions to join the panel. Or, to enter by mail, write your frst and last name, complete address, daytime 
phone number, and e-mail address (if available) on a 3° x 5* card. Put the card in an envelope, affix first-class postage, and send it to Sponsor at NGM 
MAGAZIN Reader Panel Sweepstakes, National Geographic Magazine, 1145 17th Street N.W., 3rd Floor, Washington, D.C. 20036. Online registrations for the 


National Geographic Reader Pane! must be received by 11:59 a.m. EST on June 15, 2006 to be eligible to win; mail-in entries must be postmarked 
by June 15, 2006 and received by June 22, 2006. LIMIT: One (1) entry per person, household, or e-mail address, regardless of method of entry. One 
(1) Grand Prize: a trip to Washington, D.C. for the winner and three (3) guests. Approximate Retall Value Is $3,500. VOID IN PUERTO RICO AND 
WHERE PROHIBITED BY LAW. Sponsor: National Geographic Society, 1145 17th Street, N.W., Washington, D.C, 20036. To obtain complete Official 


Rules, go to www.ngmreaderpanel.com. 
The World’s Magazine. 





INSIDE GEOGRAPHIC 


' NG Books 
A San Francisco 
street cleaved by the * 
1906 earthquake. . The 10 Best 
of Everything 


With help from experts 
including Prince Charles, 
Arnold Palmer, and Luciano 
Pavarotti, this “ultimate 
guide for travelers” ranks 
the top ten of everything 
from pubs to cameras to 
mountain climbs. The guide 
also includes itineraries for 
20 trips to the world’s great- 
est destinations. ($19.95) 





Shades of Glory 


Before Jackie Robinson 
broke baseball's color barrier 
by signing with the Brooklyn 
Dodgers, black players starred 
in the Negro leagues. The 
photo-filled Shades of Glory 
celebrates this chapter in the 
game's history. The book is 





available this month to coin- 

] The Great Quake cide with National Baseball 
Sunday, April 16 at 8 p.m. ET/ 9 p.m. PT Shortly Hall of Fame events honoring 

OT ANNELS before sunrise on April 18,1906, the ground Negro league players. ($26) 





beneath San Francisco, California, began to 
shake, Within seconds the largest city in the American West started 
to topple. Collapsed buildings and an ensuing firestorm killed 
some 3,000 people and turned Golden Gate Park into a camp for 
the homeless. The Great Quake reveals the catastrophe as it 
unfolded and brings to life the harrowing stories of its survivors. 


sariowAv@hsewhus at 


The Real Spartacus 

Monday, April 10 at 9 p.m. ET/PT How could a slave build an army 
of outcasts and lead a revolt against the might of Rome? Learn the 
true story of Spartacus, the gladiator who in the first century B.c. 
sought freedom for the tens of thousands of slaves who joined his 
insurgency. Witness his stunning battlefield victories and his final 
defeat at the hands of one of Rome's richest men. 
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ANNOUNCIDR NEW 


2006 GOLD & S 


1/10 oz. $5 Gold 
American Eagle 


he highly anticipated new release of the 
FIRST-STRIKE 2006 Gold and Silver 
American Eagles is here! For a limited time you 
can order these extraordinary coins at special 
new release prices...only $68.00 for the Gold 
and $11.95 for the silver...incredible bargains for two 
of America’s most cherished coins. In addition, order 
today and shipping is FREE!* 


Genuine United States Legal Tender | Valued for 
their breathtaking beauty and exquisite detail, both 
the Gold and Silver American Eagles are among the 
world’s most popular collector coins. These amazing 


Eagles are the “real thing,” genuine U.S. legal tender... 


they are not private mint issues, medals or commemo- 
ratives. And because each coin is genuine U.S. legal 
tender, their precious metal content (1/10 oz for the 
gold and a full loz for the silver) is backed by the full 
faith of the U.S. government. 
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RELEASE OFFI 


VER AMERICAN EAGLES 


1 oz. $1 Silver 
American Eagle 


Your Satisfaction is Guaranteed | “Breathtaking,” 
“stunning,” “impressive”... these are just a few of 
the ways our customers have described 
First-Strike coins from previous years. But don’t 
just take our word for it...see for yourself. If 
you are not happy with your coins for any reason call 
us for an authorized return number within 10 days of 
receiving the order and you will be issued a 100% 


refund...no questions asked. 


Act Now for Special New Release Price | Act quickly 
to reserve your coins at the incredible price of $68.00 
for the gold and $11.95 for the silver. Due to anticipated 
demand, a strict limit of 5 gold coins and 20 silver 
coins must be adhered to. Any rise in the price of 
silver or gold could force us to withdraw this offer at 
any time. Call today (800) 804-0637. 


Please allow 2-3 weeks for delivery. 


CALL NOW TOLL FREE (800) 804-0637 








INTERNATIONAL CURRENCY 


8725 EASTEX FREEWAY * BEAUMONT, TX 77708 


ASK FOR YOUR 
FREE CATALOG 
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FLASHBACK 





Aftermath “as these words are written, three days only have passed since San Francisco was 
shaken by the most destructive earthquake in her history, and the subsequent unparalleled ruin 
wrought by fire is not yet ended,” wrote geologist Frederick Ransome in the May 1906 GeoGRAPHIC, 
published weeks after the April 18, 1906, disaster. His quickly assembled article, “The Probable 
Cause of the San Francisco Earthquake,” was illustrated with maps of fault lines and the ominous 
scribbles of a seismograph. Readers had to wait for June’s issue to see images similar to this one 
of the tumbled courthouse in Santa Rosa, California. Photo after photo revealed San Francisco's 
buckled streets, forlorn chimneys, and the ragged tent towns of the survivors. —Margaret G. Zackowitz 





® Flashback Archive All the photos plus e-greetings, in Fun Stuff at ngm.com/0604. 
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NATIONAL GEOGRAPHIC (ISSN 0027-9953) |S PUBLISHED MONTHLY BY THE NATIONAL GEOGRAPHIC SOCIETY, 1145 17TH ST. NW, WASHINGTON, DC 20095-4688, $34.00 A YEAR FOR US, 
DELIVERY, $6.00 PER SINGLE COPY (CLUDES POSTAGE AND HANDLING). IN CANADA, AGREEMENT NUMBER 40063649, RETURN UNDELIVERABLE CANADIAN ADDRESSES TO NATIONAL 
GEOGRAPHIC, PO BOX 4412 STN. A, TORONTO, ONTARIO MSW 3W2. UNITED KINGDOM NEWSSTAND COVER PRICE £3.75, PERIODICALS POSTAGE PAID AT WASHINGTON, DC, AND AT 
ADDITIONAL MAILING OFFICES. POSTMASTER: SEND ADDRESS CHANGES TO NATIONAL GEOGRAPHIC, PO BOX 63002, TAMPA, FL 33663-3002. MEMBERS: IF THE POSTAL SERVICE ALERTS 
US THAT YOUR MAGAZINE IS UNDELIVERABLE, WE HAVE NO FURTHER OBLIGATION UNLESS WE RECEIVE A CORRECTED ADDRESS WITHIN TWO YEARS. 


6¢, want my kids to go toa . 
great college. 





What do you want? The Power of the Pyramid™ can help get you there. 


Your goals are probably a lot different than your neighbors’. And because one size doesn't fit 
all, Transamerica offers tailor-made insurance, investment, and retirement solutions designed 
~ with one thing in mind—helping you get what you want. Even smarter kids. 


Contact your financial professional, or = TRANSAMERICA 
Call 1-800-PYRAMID 1906 * 100 YEARS * 2006 
www.transamerica.com The Power of the Pyramid 





In New York, insurance products underwritten by Transamerica iNWfctanlerelmmeymtatews\=1¢101) Melgelele) 
i Purchase, NY. Insurance products 
written by Transamerica Occidental Life Insurance Company 


and its affiliates o New York. Not available in all states. 
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